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COST BENEFIT EVALUATION 
OF THE 

NASA TECH BRIEF PROGRAM 
-rnCUTIvE SUMMARY- 

A cos t  bene f i t  study of t h e  NASA Tech Brief  Program was 
conducted by t h e  Denver Research I n s t i t u t e  under cont rac t  t o  the  
Technology U t i l i z a t i o n  Off ice .  Net b e n e f i t s  t o  publ ic  and p r i v a t e  
sec to r  organiza t ions  due t o  Technical Support Package (TSP) reques ts  
between 1971 and mid-1976 were s t a t i s t i c a l l y  estimated from random 
sample da ta .  Program operat ing c o s t s  f o r  t h e  same time period 
were based on a u n i t  cos t  ana lys i s  conducted by t h e  TU0 Program 
Evaluation and Control Division. The study ob jec t ives ,  methodology 
and r e s u l t s  a r e  summarized below. 

Object ives  

The Tech Brief/TSP Program i s  one of s eve ra l  opera t iona l  
mechanisms i n  the  NASA Technology U t i l i z a t i o n  Program designed t o  
t r a n s f e r  aerospace technology t o  both publ ic  and p r i v a t e  sec to r s  
of t h e  economy. It i s ,  however, t h e  o ldes t  of  t hese  mechanisms, 
da t ing  back t o  1963, and has been one of t h e  p r i n c i p a l  mainstays 
of NASA's technology t r a n s f e r  e f f o r t s  over t h e  years .  Tech Br i e f s  
and o the r  new technology announcements published by t h e  TU Program 
have generated an annual average of over 26,000 i n q u i r i e s  s ince  
1964. I n  add i t ion ,  NASA has maintained, under c o n t r a c t ,  a da t a  
bank on reques ts  and app l i ca t ions  f o r  new technology announced by 
Tech Br i e f s  s ince  1968. This da t a  bank conta ins  over 120,000 
e n t r i e s  and provides one of t he  most complete records of  any 
technology t r a n s f e r  program operated by t h e  Federal  Government. 
Based on t h e  a v a i l a b i l i t y  of data and the  request  by Congress i n  
t h e  FY 1977 NASA Authorizat ion Bill t o  conduct I r a  c o s t  bene f i t  
follow-up ana lys i s , "  t h e  Agency e l ec t ed  t o  s tudy i t s  Tech Br i e f /  
TSP Program. The second objec t ive  f o r  t h i s  study w a s  t o  develop 
an evaluat ion method which s a t i s f i e s  t h e  Off ice  of Management and 
Budget gu ide l ines  f o r  evaluat ion management. 

Met hodolopy 

The study methodology included f i v e  important f ea tu re s :  

0 Exis t ing  d a t a  sources were reviewed and used t o  t h e  
f u l l e s t  ex ten t  poss ib le ;  

Random sample se l ec t ion  w a s  designed as a two-tiered 
process t o  start  with ava i l ab le  da t a ;  

v i  i 



0' Data c o l l e c t i o n  w a s  through in-depth telephone i n t e r -  
views with a randon sample of TSP r e c i p i e n t s  (n  = 9 0 ) ;  

0 Data pre-analysis included fou r  procedures t o  standard- 
i z e  t h e  economic data; and 

0 Data ana lys i s  included t h e  es t imat ion  of s t a t i s t i c a l  
d i s t r i b u t i o n s  and expected net b e n e f i t  values.  

Between 1971 and mid-1976, 72,500 TSP reques ts  due t o  Tech 
Br i e f s  were recorded i n  t h e  Transfer Research and Impact S tudies  
(TRIS) P ro jec t  Data Bank and 15,500 ques t ionnai res  had been re- 
tu rned  from t h e  ongoing six-month m a i l  ques t ionnai re  survey. A 
two-tiered random sample of ques t ionnai res  w a s  s e l ec t ed  t o  assure  
a 95 percent confidence l e v e l  f o r  ex t r apo la t ing  t h e  sample da t a  
t o  t h e  e n t i r e  populat ion of TSP reques ts  over t h e  5.5-year study 
period. S t ruc tured  te lephone interviews were conducted f o r  t h e  
second t i e r  random sample c e l l s  defined by request year  and ques- 
t i o n n a i r e  responses. 

The in te rv iew d a t a  included responses t o  t h e  following 
questions:  

(a )  What s p e c i f i c  use w a s  made of t h e  TSP ( e . g . ,  informa- 
t i o n  source on s o l a r  energy o r  developed new computer 
c o n t r o l  software f o r  chemical p rocess ing )?  

( b )  What c o s t s  and gross  b e n e f i t s  a r e  d i r e c t l y  a t t r i b u t e d  
t o  t h e  p a r t i c u l a r  TSP, how were t h e s e  q u a n t i t i e s  
es t imated ,  and when d i d  they  occur ( e . g . ,  number of 
hours saved i n  1972 times t h e  hourly r a t e  including 
over he ad ) ? 

Only d a t a  which s a t i s f i e d  gu ide l ines  from t h e  Federa l  Reg- 
i s t e r  (September 10,  1973) on cos t s  and b e n e f i t s  were accepted 
f o r  ana lys i s .  Standard s t a t i s t i c d  methods were used t o  es t imate  
t h r e e  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  t h e  sample d a t a ,  ,and an expected 
net b e n e f i t  va lue  p e r  TSP request w a s  ca l cu la t ed  from t h e s e  d i s -  
t r i b u t i o n s .  The expected net  bene f i t  per reques t  w a s  mu l t ip l i ed  
by t h e  t o t a l  reques ts  t o  obta in  t h e  estimated t o t a l  b e n e f i t s  from 
reques ts  made between 1971 and mid-!..976. This f i g u r e  inc ludes  
;let b e n e f i t s  which a r e  expected t o  occur a f t e r  1976, with some 
net  b e n e f i t  streams continuing i n t o  t h e  1980's.  

NASA c o s t s  were ca l cu la t ed  for each operating year  by 
mult iplying t h e  t o t a l  u n i t s  ( e . g .  , Tech Br i e f s  publ ished and 
mailed, TSP's reproduced) t imes t h e  cost  pe r  u n i t .  
were estimated by experienced TU personnel for a l l  d i r e c t  and 
i n d i r e c t  cost  f a c t o r s .  

Unit cos t s  
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. 

T o t a l  n e t  bene f i t s  t o  u s e r s  were then  divided by aggre- 
g a t e  NASA c o s t s  t o  c a l c u l a t e  a benefi t - to-cost  r a t i o  f o r  Program 
operat ions between 1971 and mid-1976. 

Resul ts  

The benefi t - to-cost  r a t i o  f o r  t h e  Tech Brief/TSP Program 
i s  between 1O:l and about 11:l. The t o t a l  NASA c o s t s ,  discounted 
t o  1976, were $6.4 m i l l i o n  f o r  t h e  f i v e  and one-half year  per iod .  
To ta l  ne t  b e n e f i t s  , discounted t o  1976, were between $63.8 mi l l i on  
and $72.5 m i l l i o n  f o r  reques ts  made i n  t h e  same time per iod.  Fed- 
e r a l  t a x  revenues due t o  corporate  t axes  a lone f o r  t hese  ne t  bene- 
f i t s  were est imated t o  be from one t o  two times t h e  Program cos t s .  
Thus, t h e  f e d e r a l  investment i n  t h e  NASA Tech Brief/TSP Program 
appears t o  be more than  recovered d i r e c t l y  through taxes. 

Based on in te rv iew r e s u l t s ,  TSP reques ts  were character-  
i zed  as having generated,  or were expected t o  genera te ,  secondary 
uses  i n  fou r  app l i ca t ion  modes. Each mode has an expected ne t  
bene f i t  and p r o b a b i l i t y  of occurrence: 

Mode 0 - no app l i ca t ion ,  $0 ne t  bene f i t ;  34% chance. 

Mode 1 - information acqu i s i t i on  only,  $100 ne t  bene f i t ,  
54% chance. 

Mode 2 - improved process ,  product or se rv ice  from us ing  
t h e  t e c h n i c a l  content of t h e  TSP, $4,900 t o  
$5,000 n e t  benef i t ,  11% chance. 

Mode 3 - new process ,  product or se rv ice  from using t h e  
t e c h n i c a l  content of t h e  TSP, $22,600 t o  $31,100 
ne t  b e n e f i t ,  1% chance. 

The expected ne t  bene f i t  pe r  TSP reques t  i s  about $850, 
but three out of f i ve  reques ts  produce ne t  b e n e f i t s  of $100 o r  
less .  The l a r g e s t  con t r ibu t ing  f a c t o r  t J  n e t  bene f i t s  from t h e  
Program i s  Mode 2 app l i ca t ions .  
with modest economic b e n e f i t s  from the  TSP information conten t ,  
so t h e  aggregate economic r e s u l t s  are far more important than 
Mode 3 app l i ca t ions ,  p a r t i c u l a r l y  new products.  Successful  
e f f o r t s  t o  develop new products  from TSP's have occurred but 
they  are  exceptions.  

They occur r e l a t i v e l y  o f t en  

The Tech Brief/TSP Program c l e a r l y  provides  an e f f e c t i v e  
de l ive ry  mechanism f o r  s e l ec t ed  technology developed by NASA's 
mission-oriented R&D programs. 
low c o s t  t o  t h e  Agency, a l a r g e  group of p o t e n t i a l  u s e r s ,  and 
modest n e t  b e n e f i t s  per  TSP t r ansac t ion  c r e a t e s  a very good 

The combination of a r e l a t i v e l y  
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economic r e t u r n  from t h e  publ ic  investment. The benefi t - to-cost  
r a t i o  i s  much be t te r  than  r a t i o s  repor ted  f o r  s eve ra l  o the r  
s e l e c t i v e  dissemination of information systems, pr imar i ly  due 
t o  b e n e f i t s  from app l i ca t ions  of t h e  t e c h n i c a l  content  of docu- 
ments disseminated ( i . e . ,  technology t r a n s f e r  as compared t o  
information s e r v i c e s ) .  

The eva lua t ion  r e s u l t s  were der ived i n  a s t a t i s t i c a l  form 
t h a t  can be r e a d i l y  used by TU management i n  making dec is ions  about 
Program changes and measuring t h e  e f f ec t  of t hose  dec is ions .  Several  
observat ions and recommendations i n  t h i s  regard are presented i n  
t h e  study r epor t  t o  i nd ica t e  how Program c o s t s  might be reduced and 
user  bene f i t s  increased.  

It i s  very important t o  note  t h a t  t h i s  cos t  bene f i t  evalua- 
t i o n  i s  based on measuring economic growth increments due t o  t rans-  
f e r / u t i l i z a t i o n  program a c t i v i t y .  
t r a n s f e r  i s  a means t o  an end--economic growth i s  t h e  primary ob- 
j e c t i v e  and t r a n s f e r  i s  a method for achieving it. Previous 
t r a n s f e r / u t i l i z a t i o n  program evalua t ion  methods have measured, 
f o r  example, program output (e .g .  , number of Tech B r i e f s  publ ished)  
or  t h e  success rate f o r  t r a n s f e r  e f f o r t s .  Programmatic changes 
designed t o  improve performance f o r  e i t h e r  of t h e s e  measures can 
lead t o  a reduct ion  i n  t h e  cos t  bene f i t  eva lua t ion  r e s u l t .  
t h e  program output  may increase  t h e  percentage of i r r e l v a n t  informa- 
t i o n  i n  t h e  t r a n s f e r  channel and, t h e r e f o r e ,  decrease t h e  r e c i p i e n t ' s  
chances f o r  i den t i fy ing  u s e f u l  material. Increasing t h e  t r a n s f e r  
r a t e  a r b i t r a r i l y  may lead t o  . dup l i ca t ion  of i n i t i a l  adapta t ion  
c o s t s  by r e c i p i e n t s  competing i n  t h e  same market. By measuring 
program performance i n  terms of economic growth generated by t h e  
investment i n  program c o s t s ,  v a l i d  comparisons of t h e  e f f ec t iveness  
fo r  d i f f e r e n t  t r a n s f e r  mechanisms may become poss ib le .  

T h i s  implies  t h a t  technology 

Increas ing  

X 



INTRODUCTION 

The NASA Technology U t i l i z a t i o n  Program w a s  i n i t i a t e d  i n  
1963 t o  implement t h e  new technology repor t ing  and disseminat ion 
requirements of t h e  1958 Space Act. 
t h e  f irst  ope ra t iona l  component of t h e  disseminat ion e f f o r t  which 
now inc ludes  I n d u s t r i a l  Application Centers , COSMIC, Application 
Teams, app l i ca t ion  engineering p ro jec t s  and o ther  technology 
t r a n s f e r  mechanisms such as conferences,  s p e c i a l  pub l i ca t ions ,  
and t e c h n i c a l  a s s i s t ance  f o r  p o t e n t i a l  u se r s  of NASA technology. 

The Tech Brief Program was  

Document reques ts  and t r a n s f e r  a c t i v i t y  due t o  t h e  Tech 
Brief  Program have been c lose ly  monitored s ince  1968. The t rans-  
f e r  d a t a  bank, maintained f o r  t h e  Technology U t i l i z a t i o n  Off ice  
(TUO)  by t h e  Transfer  Research and Impact S tudies  (TRIS) P r o j e c t ,  
provides  one of t h e  most thorough records of empir ica l  d a t a  ava i l -  
a b l e  f o r  a technology t r a n s f e r  program. A cos t  bene f i t  s tudy f o r  
t h i s  d a t a  bank w a s  requested by NASA management f o r  two purposes: 

0 evalua te  t h e  o v e r a l l  Tech Brief  Program performance i n  
terms of c o s t s  and bene f i t s ;  and 

0 develop a methodology t h a t  could be used i n  eva lua t ing  
and improving o ther  Technology U t i l i z a t i o n  Off ice  
programs. 

S tudies  of c o s t s  and bene f i t s  vary i n  t h e i r  d e f i n i t i o n s  
and methods due t o  d i f f e r e n t  purposes for such s tud ie s .  The present  
s tudy w a s  conducted t o  estimate a c t u a l  cos ts  and b e n e f i t s  r e s u l t i n g  
from an e x i s t i n g  program i n  order  t o  eva lua te  pas t  program perform- 
ance and i d e n t i f y  p o t e n t i a l  oppor tuni t ies  for  improvement. There- 
f o r e ,  a Cost Benefi t  Evaluation (CBE) methodology w a s  spec i f i ed  
f o r  t h e  study. 

A d i s t i n c t i o n  i s  made here between CBE and Cost Benefi t  
Analysis ( C B A ) .  
several a l t e r n a t i v e  programs f o r  f u t u r e  implementation. The def- 
i n i t i o n s  and methods used i n  "after t h e  f a c t "  s tud ie s  (CBE) ,  as 
opposed t o  "before t h e  f a c t "  s t u d i e s  (CBA)  , d i f f e r  s u b s t a n t i a l l y ;  
however, a fundamental requirement f o r  t h e  a n a l y t i c a l  methods i n  
e i t h e r  case i s  t h a t  a CBA r a t i o ,  based on p e r f e c t  knowledge before  
t h e  f a c t ,  should equal  a CBE r a t i o ,  based on pe r fec t  measurements 
of c o s t s  and b e n e f i t s  after t h e  f a c t .  Furthermore, t h e  benefit- to-cost  
r a t i o  f o r  program operat ions over a f ixed  t ime per iod  should be  t h e  
same rega rd le s s  of whether t h e  study i s  conducted before  o r  af ter  
t h a t  t i m e  per iod.  I n  p r a c t i c e ,  t h e  r e l i a b i l i t y  of data w i l l  change 
over t i m e ,  but  t h i s  may be t reated as a second order  effect i n  t h e  
a n a l y t i c a l  methods used i n  CBA o r  CBE s tud ie s .  

The l a t t e r  i s  genera l ly  used t o  s e l e c t  one of 
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Sect ion  I of t h i s  r epor t  descr ibes  t h e  func t ions  and cost  
elements of t h e  Tech Br ie f  Program, as w e l l  as t h r e e  bas i c  perspec- 
t i v e s  t h a t  provided t h e  context for def in ing  t h e  net  b e n e f i t s  
which were measured f o r  t h e  Program. Section I1 descr ibes  t h e  
study methodology. Sec t ion  I11 presen t s  t h e  eva lua t ion  r e s u l t s  
for t h e  Tech Brief Program, and Section IV presen t s  observations 
and recommendations. Four Appendices provide: d e t a i l s  for t h e  
TRIS Data Bank (Appendix A ) ;  s tudy  methodology and d a t a  (Appendix 
B ) ;  da t a  c o l l e c t i o n  t o o l s  (Appendix C ) ;  and Bibliography (Appendix 
D) 
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SECTION I. THE TECH BRIEF PROGRAM 

More than  6,000 d i f f e r e n t  Tech Briefs were published by 
NASA between 1963 and mid-1976 t o  announce a s e l e c t e d  po r t ion  
( less  than  one pe rcen t )  of t h e  t e c h n i c a l  documents generated by 
or f o r  t h e  Agency. The new technology disseminated through t h i s  
mechanism spanned nine subjec t  areas, and included NASA t e c h n i c a l  
advances ranging from hand t o o l s  t o  d iagnos t ic  systems t o  manage- 
ment techniques t o  materials data .  The cur ren t  Tech Br ie f  d i s t r i -  
but ion l i s t  conta ins  over 23 , 000 names represent ing  every major 
Standard I n d u s t r i a l  C la s s i f i ca t ion  (SIC) group. Approximately 
1,000 r e c i p i e n t s  are r e d i s t r i b u t o r s ,  such as l i b r a r i e s  and t r a d e  
journa ls .  Between 1968 and mid-1976, 120,000 reques ts  f o r  docu- 
ments, o r  Technical Support Packages (TSP's) ,  announced by Tech 
Briefs or reannounced by o ther  media were recorded i n  t h e  TRIS 
Data Bank. A desc r ip t ion  of t h e  Data Bank and aggregate d a t a  f o r  
TSP reques t e r s  i s  given i n  Appendix A. 

Normally, r eques t e r s  are not charged f o r  Tech Briefs o r  
TSP's, and t h e  NASA Technology U t i l i z a t i o n  Off ice  ( T U O ) ,  conducts 
an a c t i v e  promotional e f f o r t  t o  increase  t h e  number of subscr ibers  
A new qua r t e r ly  j o u r n a l  format , NASA Tech Briefs , w a s  introduced 
i n  1976 as p a r t  of t h i s  marketing e f f o r t .  
e f f o r t s ,  us ing  feedback from current  u s e r s ,  are designed t o  pro- 
mote t h e  d i f fus ion  of successfu l  app l i ca t ions  f o r  NASA technology. 

Fur ther  marketing 

Thus, t h e  program can be charac te r ized  as a wel l -es tabl ished 
Se lec t ive  Dissemination of Information (SDI) system which provides  
a d iverse ,  growing audience with f ree  access  t o  an equal ly  d iverse  
c o l l e c t i o n  of technologica l  innovations.  This s ec t ion  presents  an 
ana lys i s  of program c o s t s  and def ines  t h e  economic measure f o r  pro- 
gram bene f i t s .  

Tech B r i e f  Program Costs 

The NASA c o s t s  f o r  Tech B r i e f  Program operat ions from 1971 
t o  mid-1976 were co l l ec t ed  and analyzed by t h e  TU0 Program Control 
and Evaluation Division. Standard u n i t  cos t ing  procedures f o r  in-  
formation systems, similar t o  those  developed by t h e  Asl ib  Research 
Department (Robertson, e t  a l . ,  1970) ,  were used f o r  t h e  NASA cos t s .  

This program i s  only one cmponent of t h e  NASA TU Publica- 
t i o n s  Program, which a l s o  announces TSP's through TU Compilations 
and Small Business Administration publ ica t ions .  There i s  some 
overlap between t h e  TSP's announced by Tech Briefs and by t h e  o the r  
mechanisms. Since Drogram c o s t s  could not  be separated i n  some 
func t iona l  areas, t h e  repor ted  c o s t s  for t h e  Tech Brief Program 
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include c o s t s  f o r  t h e  o thers .  
a ted  by mechanisms o ther  than Tech Br i e f s  are not cu r ren t ly  i n  t h e  
Data Bank, so t h e r e  is  a marginal incons is tency ,  biased toward a 
conservat ive estimate , between t h e  cos t  base and t h e  bene f i t  base.  

The corresponding TSP reques ts  gener- 

Nev Technology Field Center Evaluation Preparation 
Organization Tu Offices Ornanization 

Funct ional  elements of t h e  Tech Brief  Program a r e :  (1) 
review and evaluat ion of t h e  new technology t h a t  has been reported;  
( 2 )  p repara t ion  of one-page Tech Briefs t h a t  descr ibe t h e  technology; 
(3 )  Tech Brief p r i n t i n g  and d i s t r i b u t i o n ;  ( 4 )  response t o  inqu i r i e s  
and TSP reques ts ;  and ( 5 )  cash awards t o  innovators.  
shows how these  elements a r e  r e l a t e d  i n  t h e  publ ica t ion  production 
process.  

Figure 1-1 
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Unit c o s t s  were estimated f o r  a l l  program a c t i v i t i e s ,  which 
start when new technology i s  reported and do not include t h e  cos t  
of deve lophg  t h e  technology i t s e l f .  After l i s t i n g  t h e  a c t i v i t i e s  
under each program funct ion ,  t h e  cos t  assoc ia ted  with producing a 
Tech Brief  or responding t o  a TSP request  w a s  ca l cu la t ed  on t h e  
bas i s  of:  (1) estimated time and labor  r a t e  for governmental em- 
ployees involved i n  each a c t i v i t y ;  ( 2 )  t h e  a l loca t ed  por t ion  of 
cont rac tor  cos t s ;  (3 )  reproduction and mailing c o s t s ;  and ( 4 )  
cash awards t o  innovators.  

Table 1-1 shows t h e  t o t a l  cos t s  ( u n i t  cos t  x number of u n i t s )  
The d o l l a r s  f o r  each program funct ion i n  t h e  years  1 9 7 1 t o  mid-1976. 

have been converted t o  1976 d o l l a r s  using t h e  GNP Impl i c i t  P r i c e  
Deflator .  The u n i t  cos t s  f o r  Tech Brief production and TSP inqui ry  
handling are shown i n  Table 1-2. Unit production c o s t s  were higher 
than  usua l  i n  1974 and 1975 when t h e  number of Tech Br i e f s  produced 
w a s  less than t h e  production capaci ty .  The handling cos t  f o r  t o t a l  
TSP reques ts  i n d i c a t e s  t h a t  cos t  reduct ions have occurred due t o  
continued increases  i n  e f f i c i ency  and program experience. The 
increased e f f i c i ency  i s  apparent ly  due t o  t h e  increasing use of 
Reader Serv ice  Cards f o r  ordering TSP's and operat ing experience 
has f a c i l i t a t e d  t h e  development of s eve ra l  standard response pro- 
cedures.  The remainder of t h i s  s ec t ion  descr ibes  t h r e e  perspec- 
t i v e s  used t o  s e l e c t  t h e  economic measure f o r  program b e n e f i t s .  

TABLE 1-1. TECH BRIEF PROGRAM COSTS BY FUNCTION. 
(in thousands of dollars) 

YEAR 
FUNCTION 1971 1972 1973 1974 1975 1976.. TOTALS 

197 2,162 1-Screening 8, 394 467 386 395 323 
Evaluation 

2-Publication & 173 462 320 186 270 209 1,620 
Preparation 

3-Printing & 49 72 103 50 64 45 391 
Distribution 

L-Inquiry 103 138 80 60 60 34 475 
Handling 

26 186 5-Awards 337 2 2 - 32 - - 
TOTALS $751 $1,176 $918 $729 $749 $511 $4,834 

Total annual $1,209 $1,717 $1,221 $882 $824 $511 $6,364 
costs dis- 
counted at 10% 
to 1976 value 

TABLE 1-2. ANNUAL UNIT COSTS OF TECH BRIEF PROGRAM" 
~~ 

Y E A R  
UNIT COST 1971 1972 1973 1974 1Q75 1976". 

Tech Brief Production $1,200 $1,400 $1,600 62,200 $2,000 $1,600 
cost 

TSP Inquiry Handling $2.00 $2.03 $1.98 $1.94 $1.82 $1.66 
cost 

Tech Briefs Produced 536 756 520 301 339 296 

'Converted to 1976 dollars using GNP Implicit Price Deflator 
**First 6 months only 
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Tech Brief Program Benefi ts  Measure 

A study of c o s t s  and bene f i t s  f o r  t h e  Tech B r i e f  Program 
requi res  t h e  s p e c i f i c a t i o n  of an economic measure f o r  b e n e f i t s  
a t t r i b u t e d  t o  t h e  program funct ions  descr ibed i n  t h e  previous 
subsection. There a r e  two important f a c t o r s  t o  consider i n  speci-  
fying such a measure: 

0 t h e  u n i t  of ana lys i s  t o  be used f o r  program r e s u l t s ;  and 

0 t h e  economic data t o  be used i n  measuring bene f i t s  f o r  
t hese  u n i t s .  

A t  t h e  ou t se t  of t h i s  s tudy,  s eve ra l  u n i t  of ana lys i s  
opt ions were considered. For example, t h e  u n i t  could have been 
based on one of t h r e e  populations:  (1) published Tech Briefs  
(6,000);  ( 2 )  Tech Br ie f  m a i l i n g  l i s t  i n  e a r l y  1976 (18,000);  or  
( 3 )  ind iv idua l  TSP reques ts  (120,000). A t  the  same t ime,  t h e  
corresponding economic measure of b e n e f i t s  f o r  t hese  u n i t s  could 
have been s p e c i f i e d  as: 
ca t ions  f o r  an average TSP; ( 2 )  how much t h e  average person on t h e  
mailing l i s t  saves by using t h e  program t o  acquire  t e c h n i c a l  docu- 
ments; (3 )  how much t h e  average TSP reques te r  would have been 
wi l l i ng  t o  pay f o r  t h e  document(s); or  ( 4 )  t h e  cos t s  and bene f i t s  
a t t r i b u t a b l e  t o  an average TSP t r ansac t ion .  These opt ions d i d  not 
represent  a l l  of t h e  poss ib l e  u n i t s  o r  measures f o r  those  u n i t s ,  
nor d id  they  uniquely determine which bas ic  approach t o  use i n  
obtaining t h e  spec i f i ed  data ( e .g .  , i n d i r e c t l y  through aggregate 
economic data or  d i r e c t l y  through indiv idua l  es t imates) .  
dec is ion  t o  use  ind iv idua l  TSP reques ts  as t h e  u n i t  and t h e  cos t s  
and b e n e f i t s  a t t r i b u t a b l e  t o  an average TSP t r ansac t ion  as t h e  
economic measure i s  discussed below. 

(1) t h e  t o t a l  cos t  savings from a l l  appl i -  

The 

I n  order  t o  eva lua te  t h e  Tech Brief Program, it is  impor- 
t a n t  t o  understand f i r s t  t h e  l a r g e r  environment i n  which t h i s  tech- 
nology t r a n s f e r  mechanism operates .  
u n i t ,  economic b e n e f i t  measure, and bas i c  measurement method was 
based on a review of t h e  var ious perspec t ives  from which t h e  Tech 
Brief Program performance can be assessed ,  namely: 

The s e l e c t i o n  of an appropriate  

( a )  How much economic e f f e c t  i s  a t t r i b u t a b l e  t o  
Federal  R&D r e s u l t s  (e .g .  , NASA technology) 
which t h e  Tech Brief disseminates? 

( b )  How w e l l  does t h e  Tech Brief  perform as a 
de l ive ry  system for S c i e n t i f i c  and Technical 
Information? 

( c )  How wel l  does t h e  Tech Brief perform as a 
t r a n s f e r  mechanism wi th in  a formal Tech- 
nology Transfer Program? 

4 



Figure 1-2 ind ica t e s  t h e  f a c t  t h a t  t h e s e  t h r e e  perspec t ives  
a r e  i n t e r r e l a t e d .  The remainder of t h i s  sec t ion  w i l l  b r i e f l y  de- 
s c r i b e  t h e  o v e r a l l  context f o r  each of t hese  i s sues  and how they  
r e l a t e  t o  t h e  measurement c r i t e r i a  used i n  t h e  study. 

a. Federal  R&D nology Transfer  

b. S c i e n t i f i c  and 

Figure 1-2. Three Perspect ives  f o r  Measuring 
Tech Brief Program Performance 

Federal  R&D and t h e  Economy. Economists genera l ly  agree t h a t  
R&D a c t i v i t y  has a s i g n i f i c a n t  s t imulat ing e f f e c t  on economic growth. 
Before R&D a c t i v i t y  can produce t h a t  e f f e c t ,  however, t h e  advances i n  
knowledge from R&D a c t i v i t y  must be applied.  Edward F. Denison has 
estimated t h a t  34 percent  of t h e  U.S.  economic growth between 1948 
and 1969 w a s  due t o  appl ica t ions  of advances i n  knowledge (Denison, 
1974) .  
research  i s  t h e  development of techniques f o r  acquir ing d e t a i l e d  
data on t h e  growth e f f e c t s  from various types and sources of ad- 
vances i n  knowledge. A fundamental quest ion regarding t h e  source 
of R&D funding, which loose ly  corresponds t o  advances i n  knowl- 
edge, i s  how much economic growth i s  achieved through publ ic  funds.  

He a l s o  noted t h a t  a major chal lenge i n  economic growth 

I n  1975, p r i v a t e  R&D investment by U . S .  companies amounted 
t o  $15.1 b i l l i o n  and f e d e r a l  funding was $20 b i l l i o n ,  of which $9 
b i l l i o n  went t o  p r i v a t e  con t r ac to r s  (Business Week, June 28, 1976). 
Figure 1-3 shows R&D investment, by source,  for t h e  time per iod 
1960-1980. 
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Figure 1-3. Source of Funds f o r  Research and 
Development 1960-1968 

The r e l a t i o n s h i p  between t h e s e  formal expenditures and 
t h e  production of new knowledge i s  not we l l  e s t ab l i shed .  An 
agency's advances i n  management techniques or equipment main- 
tenance, f o r  example, m a y  be used i n  achieving economic growth 
although they  may not have come from t h e  agency's formal R&D 
a c t i v i t y .  
p r o j e c t  may not advance t h e  knowledge of wheels. P r iva t e  firms 
a l s o  develop t e c h n i c a l  innovations independently of formal R&D 
f'unding (Hi ldred ,  1974) .  
i n  i t s  broadest sense t o  mean advances i n  s c i e n t i f i c  or t echn ica l  
c a p a b i l i t y ,  inc luding  management or maintenance methods, without 
regard  t o  whether t h e  funding w a s  designated as R&D. 

S'imilarly, a r e inven t ion  of t h e  wheel by an R&D 

The term "R&D results" i s  used here  

Another i s s u e  r e l a t ed .  t o  t h e  measurement of economic growth 
concerns t h e  s i z e  of growth increments t h a t  can be de tec ted  with 
t h e  measurement method. Growth due t o  incremental advances i n  
technology m a y  be t o o  d i f f u s e  t o  observe even when measurement and 
ana lys i s  i s  at t h e  l e v e l  of i nd iv idua l  companies. 
concluded t h a t  much of t h e  technologica l  change which t akes  p l ace  
i n  an advanced i n d u s t r i a l  economy i s  an almost i n v i s i b l e  acc re t ion  
of incremental  improvements (Rosenberg, 1975). 

Nathan Rosenberg 

The magnitude of 
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t h e  cumulative e f f e c t  i s  not w e l l  documented, but  t h e  a v a i l a b l e  d a t a  
i n d i c a t e  t h a t  t h i s  source of economic growth may be more s i g n i f i c a n t  
than  major technologica l  changes (Hollander,  1965 and Enos, 1958). 
This suggests  t h a t  t h e  measurement method used f o r  f e d e r a l l y  funded 
R&D r e s u l t s  should be s e n s i t i v e  t o  very  s m a l l  growth increments-- 
t h e  " f i n e  s t ruc tu re"  of economic growth. 

A primary economic quest ion f o r  f e d e r a l  agencies i s  how 
much e f f e c t  t h e i r  advances i n  knowledge have on economic growth, 
regard less  of whether economic growth i s  t h e  d i r e c t  purpose of t h e  
agency's R&D a c t i v i t y .  Previous technology t r a n s f e r  research  by 
D R I  i nd ica t e s  t h a t  t h i s  quest ion might best be approached by f i r s t  
de l inea t ing  how t h e  agency's R&D r e s u l t s  are t r a n s f e r r e d  t o  poten- 
t i a l  use r s  ( K o t t e n s t e t t e ,  e t  a l . ,  1973).  The e ight  p r i n c i p a l  
t r a n s f e r  modes i d e n t i f i e d  through t h i s  research  are descr ibed i n  
Table 1-3. Segmenting t h e  t r a n s f e r  a c t i v i t y  i n  t h i s  way provides 
a framework f o r  cha rac t e r i z ing  groups t h a t  r ece ive  technology as 
well as t h e  types  of technology, app l i ca t ions ,  and economic bene- 

ts t h a t  each group o u t a i r i s  fr-cm NASA-funded R & D .  

TABLE 1-3. EIGHT TRANSFER MODES FOR 
NASA-DEVELOPED TECHNOLOGY 

MODE DESCRIPTION 

I D i v e r s i f i c a t i o n  by f i rms producing f o r  mission-oriented programs 
through 
commercial product l i n e s ,  or 
g a n i z a t i o n a l  p o l i c i e s  t o  apply mission-related e x p e r t i s e  i n  
commercial product development p r o j e c t s .  

( a )  s h i f t s  i n  product ion f a c i l i t i e s  and personnel  t o  
( b )  implementation of formal or- 

I1 

111 

IV 

V 

The genera l  improvement of i n d u s t r i a l  product ion p r a c t i c e  and 
product q u a l i t y  through agency- in i t ia ted  s p e c i f i c a t i o n s  and 
s tandards  f o r  mission hardware procurement. 

Development of  new process  and product technology by i n d u s t r i a l  
c o n t r a c t o r s  t o  promote the d i r e c t  i n t e r e s t s  of programs, with 
subsequent commercial product ion occurr ing because o t h e r  markets 
and a p p l i c a t i o n s  are recognized. 

P r o f e s s i o n a l  a c t i v i t i e s ,  inc luding  p r o f e s s i o n a l  design code 
development, by researchers  involved with b a s i c  and appl ied  R&D 
programs i n  support  of mission requirements .  

Relocat ion of s k i l l e d  i n d i v i d u a l s  from mission-related em- 
ployment t o  employment i n  o t h e r  economic s e c t o r s ,  r e s u l t i n g  
i n  t h e  a p p l i c a t i o n  of acqui red  s k i l l s  t o  so lve  analogous 
problems encountered i n  t h e  new s e c t o r s .  

V I  Formal agency programs t h a t  d i sseminate ,  and i n  some cases  
adapt ,  mission-generated technology t o  organiza t ions  i n  
o t h e r  economic s e c t o r s .  

VI1 Direc t  access  t o  miss ion- re la ted  s c i e n t i f i c  and t e c h n i c a l  
information systems by o ther  organiza t ions  as p a r t  of  t h e i r  
normal information a c q u i s i t i o n  e f f o r t s .  

VI11 Interagency p r o j e c t s  t h a t  adapt a f i r s t  agency's mission- 
o r i e n t e d  technology t o  t h e  needs of  a second agency o r  i t s  
s e c t o r  organiza t ion .  
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The performance measure of i n t e r e s t  f o r  t h e  Tech Brief 
Program, as a Mode V I  t r a n s f e r  mechanism, i s  t h e  economic bene f i t  
a t t r i b u t e d  t o  t h e  technology it has de l ivered  t o  an audience. 
The u n i t  of ana lys i s  s e l e c t e d - f o r  t h i s  study w a s  ind iv idua l  TSP 
reques ts ,  r a t h e r  t han  TSP reques t e r s ,  and t h e  c h a r a c t e r i s t i c  ne t  
economic bene f i t  from a TSP request  &s determined by est imates  
from a random sample of r eques t e r s ,  w a s  s e l e c t e d  as t h e  bas ic  
economic performance measure. The incremental  bene f i t s  most o f t en  
associated w i t h  TSP appl ica t ions  can be measured i n  t h i s  way, 
r a t h e r  than  by surveying organizat ions t h a t  request  TSP's. It i s  

11' important t o  note t h a t  "economic bene f i t  a t t r i b u t e d  t o .  . . i s  
not q u i t e  t h e  same as "economic growth due t o .  . . , I f  however, it 
i s  probably t h e  bes t  approximation ava i l ab le  from t h e  average TSP 
reques te r .  Since t h e  t y p i c a l  TSP user  es t imate  i s  based on input 
measures such as person-hours saved, t h e  approximation i s  reason- 
ably good. 

I n  order  t o  have a standard d e f i n i t i o n  f o r  t h e  economic 
b e n e f i t s  t h a t  can be a t t r i b u t e d  t o  f e d e r a l l y  funded R&D r e s u l t s ,  
t h e  d e f i n i t i o n s  of cos t  and benefi t  f o r  federal  resource develop- 
ment p ro jec t s  were se l ec t ed  a s  t h e  c r i t e r i a  f o r  allowable economic 
es t imates  (Federal  Regis te r ,  September 10 ,  1973). I n  general ,  
c o s t s  and b e n e f i t s  are allowable i f  they a r e  d i r e c t l y  due t o  t h e  
Tech Brief  Program and would not have occurred without t h e  Program. 
For example, an est imated por t ion  of increased s a l e s  would not be 
allowable,  but  a por t ion  of t h e  increase  i n  before  t a x  p r o f i t  could 
be. 

Two f u r t h e r  measurement requirements i n  t h e  context of 
(1) t h e  time d i s t r i b u t i o n  of Federal  R&D and t h e  economy are: 

TSP reques te r  cos t s  and b e n e f i t s  t o  provide a ne t  benef i t .  stream 
f o r  discount ing t o  1976 value and ( 2 )  a desc r ip t ion  of t h e  type  
of economic growth increment achieved ( e .g . ,  improve an e x i s t i n g  
process or develop a new se rv ice )  t o  provide a b e t t e r  understanding 
of t h e  growth process assoc ia ted  with TSP's. The measurement 
i ssues  r e l a t e d  t o  t he  f a c t  t h a t  TSP's provide information, as 
opposed t o  t ang ib le  goods, a r e  described i n  t h e  context of scien- 
t i f i c  and t echn ica l  information (STI) .  

S c i e n t i f i c  and Technical Information. The Tech Brief  Pro- 
gram is  a de l ivery  system. I n  o ther  words, it delivers t o  p o t e n t i a l  
u se r s  documents t h a t  contain technologica l  cont r ibu t ions  from NASA 
R&D a c t i v i t y ,  and thus  has a dua l  r o l e  wi th  respec t  t o  s c i e n t i f i c  
and t echn ica l  information (ST1)--delivery se rv ice  and t e c h n i c a l  
content.  This dua l  r o l e  presents  a bas i c  measurement problem f o r  
t h e  economic bene f i t  a t t r i b u t e d  t o  TSP information. 

If t h e  same technology w a s  a l s o  produced by, and ava i l ab le  
from, o ther  R&D funding sources ,  then t h e  only allowable bene f i t s  
would be time savings  i n  comparison t o  o ther  de l ive ry  systems and 
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b e n e f i t s  due t o  using t h e  t echn ica l  content should not be allowed. 
However, an ind iv idua l  may not  have access  t o  t h e  same technology 
from o the r  sources;  i n  which case h i s /he r  b e n e f i t s  due t o  t h e  tech-  
nology would not  have occurred without t h e  Tech B r i e f  Program. For 
t h i s  s tudy,  a dec is ion  w a s  made t o  use  an empir ical  approach by 
asking TSP r eques t e r s  whether t hey  bel ieved t h e  same information 
was ava i l ab le  from o the r  sources.  This decis ion was based on t h e  
f a c t  t h a t  i nd iv idua l s  choose which technology t o  implement from t h e  
t e c h n i c a l  a l t e r n a t i v e s  ava i l ab le  t o  them, not from t h e  t o t a l  
a l t e r n a t i v e s  ava i l ab le  i n  t h e  world. 

The i s s u e  of what t o  measure as t h e  value of information 
i s  widely discussed,  without consensus, i n  t h e  l i t e r a t u r e  (Cooper, 
1973; Swanson, 1975; Hindle and Raper, 1976).  
posed or used f o r  s t u d i e s  of information c o s t s  and b e n e f i t s  
include:  what t h e  r ec ip i en t  would be wi l l i ng  t o  pay f o r  t h e  in- 
formation (Herr ing,  e t  a l . ,  1973);  t i m e  spent i n  acquir ing or 
ass imi l a t ing  information (Anaerson, 1976) ;  t h e  change i n  expected 
value from an ac t ion  due t o  t h e  f a c t  t h a t  information reduced t h e  
uncer ta in ty  of t h e  outcome (Ehery, 1967; Howard, 1966) ;  and time 
saved i n  l i t e r a t u r e  review due t o  t h e  a v a i l a b i l i t y  of an a b s t r a c t  
s e rv i ce  (Magson, 1973; Night ingale ,  1973).  Kenneth Boulding ob- 
served t h a t ,  while information serv ices  are p r i ced  and marketed, 
no u n i t  of information e x i s t s  and it i s  not property i n  any or- 
d inary  sense,  so t h e r e  a r e  bas ic  d i f f i c u l t i e s  i n  consider ing it 
as a market commodity (Boulding, 1966) .  
notes  t h a t  knowledge can a f f e c t  soc i e ty  only through i t s  impact 
on dec is ions .  

Q u a n t i t i e s  pro- 

I n  add i t ion ,  he a l s o  

The d e f i n i t i o n  of an economic measure f o r  t h e  value of 
information should be based on two important ways t h a t  t echn ica l  
information con t r ibu te s  t o  economic growth. By descr ib ing  t h e  
results of experience i n  how t o  do something, information can:  
(1) decrease t h e  c o s t  of  deciding which of t h e  a v a i l a b l e  t e c h n i c a l  
a l t e r n a t i v e s  w i l l  produce t h e  g r e a t e s t  n e t  economic bene f i t  from 
implementation; or ( 2 )  increase  t h e  n e t  economic b e n e f i t  from a 
dec i s ion  by increas ing  t h e  number o f  decis ion  a l t e r n a t i v e s .  It 
i s  not  c l e a r  t h a t  investments of t ime or money t o  acqui re  infor -  
mation a r e  va l id  measures of i t s  va lue  i n  t h e  context above 
s ince  t h e  expected rate of r e t u r n  on t h i s  t ype  of investment i s  
not known. The major unknown f a c t o r  i s  due t o  unce r t a in ty  about 
t h e  u t i l i t y  of a document before  an investment i s  made t o  acqui re  
i t .  U n t i l  more data are ava i l ab le  t o  c a l i b r a t e  s tandard economic 
models ( e . g . ,  wi l l ingness  t o  pay ) ,  t h e  c l o s e s t  approximation t o  
t h e  value of information i n  a document appears t o  be a s t a t i s t i c a l  
aggregate of i nd iv idua l  estimates f o r  t h e  d i f f e rence  i n  n e t  eco- 
nomic value from an a c t i v i t y  w i t h  and without t h e  information. 
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The importance of t h i s  i s s u e  i s  indica ted  by t h e  f a c t  t h a t  
STI i s  one of t h e  major products of f e d e r a l l y  funded R&D a c t i v i t y .  
The f e d e r a l  ob l iga t ion  f o r  STI i n  FY 1974 exceeded $400 mi l l i on ,  
o r  about 2.5 percent of a l l  federal R&D obl iga t ions  (Congressional 
Research Serv ice ,  1975). Figure 1-4 i nd ica t e s  STI expenditures , 
by a c t i v i t y ,  f o r  t h e  t i m e  per iod 1960-1980. 

360 

- 
------- 

I I 1 I 1 I 

1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 

Figure 1-4. Federal Obligations for Scientific and 
Technical Information: 1960-1980 
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Source: Market Facts, Inc., Center for Quantitative Sciences 

(Reported in King, 1976, p. 85) 
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After reviewing t h e  var ious  approaches t o  measuring STI 
S e n e f i t s ,  t h e  d e f i n i t i o n  of t h e  b e n e f i t  measure w a s  f u r t h e r  re- 
f ined .  Benef i t s  a t t r i b u t e d  t o  t h e  content of a TSP were not 
allowable i f  t h e  TSP r e c i p i e n t  bel ieved he/she could have obtained 
t h e  same information elsewhere. I n  t h i s  case t h e  only allowable 
bene f i t  w a s  t h e  va lue  of t i m e  saved by t h e  Tech B r i e f  d e l i v e r y  
serv ice .  Economic b e n e f i t s  a t t r i b u t e d  t o  t h e  t e c h n i c a l  content 
of t h e  TSP were allowable i f  t h e  r e c i p i e n t  d id  not be l i eve  t h e  
same information w a s  a v a i l a b l e  elsewhere and t h e  bene f i t  e s t i -  
m a t e  w a s  based on t h e  d i f f e rence  i n  economic value f o r  an a c t i v i t y  
with and without t h e  TSP information. 

I n  conjunction with t h e  est imated economic b e n e f i t  from a 
TSP t r a n s a c t i o n ,  each respondent w a s  asked t o  g ive  h i s /he r  method 
f o r  obtaining t h e  estimate ( e . g . ,  how were t i m e  savings achieved) 
and whether TSP information had helped t o  reduce uncer ta in ty  i n  
dec is ion  making. These responses may provide a b e t t e r  under- 
s tanding of t h e  r e l a t i o n s h i p  between measured bene f i t s  and va lue  
of information content f o r  TSP's. 

The technologica l  content of a TSP w a s  developed f o r  NASA 
missions,  r a t h e r  than  u s e r  needs,  s o  i t s  u t i l i t y  as information 
i s  mainly determined after it has been requested and, o f t e n ,  
af ter  t i m e  ( i . e . ,  c o s t )  has been invested i n  reading and assimila- 
t i o n .  Thus, t h e  de l ive ry  s e r v i c e  has an inherent  r i s k  t o  t h e  u s e r ,  
even i f  t h e r e  i s  no charge by NASA. An important secondary objec- 
t ive  i n  c o l l e c t i n g  d a t a  f o r  t h e  Tech Brief Program was t o  improve 
t h e  understanding of how such r i s k s  re la te  t o  i t s  performance both 
as an STI d e l i v e r y  system and as a t r a n s f e r  mechanism f o r  R&D 
r e s u l t s .  

Federa l  Technology Transfer  Programs. The t h i r d ,  and f i n a l ,  
perspective f o r  assess ing  Tech B r i e f  Program performance i s  t h a t  of 
a t r a n s f e r  mechanism f o r  NASA technology. The n a t i o n a l  i n t e r e s t  
i n  technology t ransfer  and u t i l i z a t i o n  has grown rap id ly  i n  response 
t o  t h e  perceived need t o  inc rease  e f f i c i ency  i n  technologica l  change. 
The terms " t r ans fe r "  and " u t i l i z a t i o n "  are d is t inguished  i n  t h i s  
s tudy from t h e  term "informa5ion dissemination"; t h e  d i s t i n c t i o n  
i s  based on t h e  two d i f f e r e n t  object ives--appl icat ion of t h e  tech-  
nology as compared t o  simply increas ing  t h e  d i s t r i b u t i o n  of knowl- 
edge. 

Questions concerning t h e  economic e f f e c t  o f  f e d e r a l l y  funded 
B&D and how t o  f a c i l i t a t e  t h e  u t i l i z a t i o n  of R&D r e s u l t s  a r e  emerging 
as eva lua t ion  c r i t e r i a  f o r  t h e  a l l o c a t i o n  of R&D funds. Table 1-4 
shows t h e  r e l a t i o n s h i p  between R&D budget and t r a n s f e r / u t i l i z a t i o n  
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budget for 12 Federal agencies. The annual Tech Brief Program cost 
of about one million dollars represents 18 percent of the NASA TU0 
budget and 3 percent of the total nonagricultural technology trans- 
fer/research utilization budgets f o r  11 Federal agencies. 

TABLE 1-4. SELECTED AGENCY BUDGETS FOR R&D 
TRANSFER/UTILIZATION, FY 1975 

R&D BUDGET TT/RU BUDGET" TT/RU AS 
AGENCY (FY 1975, EST. , (FY 1975 , EST. , PROPORTIONS OF 

IN MILLIONS) IN MILLIONS) 'R&D, IN % 
USDA $ 428 $200.00 I 47 
FHWA 
LEAA 
NIE 
NSF 
DOL 
NIMH 
HUD 
EPA 
NASA 
NBS 
AEX (ERDA) 

17 
33 
55 
83 
1 5  
93 
58 

287 
3,327 

100 
712 

3-30  
4.50 
5 - 5 0  
8.00"" 
0.50 
1.80 
0.35 
1.30 
5.50*** 
0.10 
0.50""" 

19.4 
13.6 
1 0  

3.6 
3.3 
1 . 9  
0.6 

0.17 

0.07 

0 .45  

0.1 

TOTAL $5,208 $231.35 I 4 . 4  

* Includes program funds only for formally designated transfer/ 
utilization activities. Does not include internal resources, train- 
ing, informal activities, demonstrations, and the direct support of 
R&D performers. 

** Research Applied to National Needs (RA") only. 
*** Technological spin-off only. 

Source: Office of R&D Assessment, NSF, 1975 

The National Science Foundation reviewed formal agency 
programs for the Federal Council for Science and Technology 
Committee on Domestic Technology Transfer (NSF, 1975). Many of 
the 25 agencies surveyed reported that the evaluation of their 
program effectiveness was the weakest part of the program. 
the effectiveness measures in use are: impact measure, such as 
increases in farm labor productivity; commercialization of R&D re- 
sults; extent of utilization; user feedback; and number of requests 
for information. The NSF report concluded: 

Among 
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"Ideal ly ,  t r a n s f e r / u t i l i z a t i o n  program e f fec t iveness  
should be based on ob jec t ive  measures of t h e  u t i l i z a t i o n  
of program output  by t h e  user  community, and on t h e  impact 
u t i l i z a t i o n  has on t h e  attainment of  u se r  goa ls .  A t  pre- 
sen t  v a l i d ,  q u a n t i t a t i v e  measures of t r a n s f e r / u t i l i z a t i o n  
program e f fec t iveness  do not exist t h a t  meet t h e s e  c r i t e r i a  
and permit comparisons across  programs. It i s  not sur- 
p r i s i n g ,  t h e r e f o r e ,  t o  note  t h a t  l ess  than ha l f  t h e  t r a n s -  
f e r / u t i l i z a t i o n  programs surveyed s a i d  they  conducted 
formal surveys of t h e  ex ten t  of u t i l i z a t i o n  of t h e i r  out- 
p u t s ,  and t h a t  only two s a i d  they  used ' impact '  measures 
t o  determine program accomplishments. 

. . .  
Improvement o f  Federal  technology t r a n s f e r  and re- 

search u t i l i z a t i o n  e f f o r t s  r equ i r e s  t h a t  v a l i d ,  r e l i a b l e  
measures of e f f ec t iveness  be determined. I d e a l l y ,  such 
measures should be based on d a t a  obtained from u s e r s  
themselves and from systematic observat ion of user  com- 
munit ies .  liowever, s ince  monitoring user  behavior can be 
very expensive,  t he  u t i l i t y  of i n d i r e c t  measures of ef-  
f ec t iveness  such as t h e  ex is tence  of mechanisms f o r  as- 
sur ing  frequent  and in t ens ive  user  involvement should be 
explored. Thus, t h e  development of f e a s i b l e  and v a l i d  
measures of t r a n s f e r / u t i l j z a t i o n  program e f fec t iveness  
t akes  on high p r i o r i t y  if' improved understanding of' 
Federal  technology t r a n s f e r  and research u t i l i z a t i o n  
e f f o r t s  i s  des i red ."  

This Cost Benefi t  Evaluation of NASA's Tech B r i e f  Program 
provided an important opportuni ty  f o r  t h e  Agency t o  he lp  develop 
t r a n s f e r / u t i l i z a t i o n  program measurement methods by addressing 
t h r e e  quest ions:  (1) How should s tandardized u n i t  cos t ing  pro- 
cedures be app l i ed  t o  information-based t ransfer  mechanisms? 
( 2 )  How much does program evaluat ion c o s t ?  ar,d ( 3 )  Can s ta t is-  
t i c a l  methods provide good es t imates  of  how much ne t  b e n e f i t  
i s  expected per  t r ansac t ion  f o r  a t r a n s f e r  mechanism? 

Program c o s t s  were def ined e a r l i e r  i n  Sect ion I as a l l  
d i r e c t  and i n d i r e c t  c o s t s  t o  perform program funct ions ( i . e . ,  
a l l  a c t i v i t i e s  a f te r  new technology has been developed and re- 
p o r t e d ) .  Standard u n i t  cos t ing  procedures not only provided a 
cos t  base f o r  use i n  t h i s  s tudy,  they  a l s o  provided a use fu l  
measure o f  production e f f i c i ency  f o r  program funct ions .  
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Program evalua t ion  c o s t s  were not included as program op- 
e r a t i n g  c o s t s  because eva lua t ion  i s  not a d i r e c t  program funct ion .  
The annual con t r ac to r  c o s t  t o  maintain a da ta  bank and survey TSP 
r eques t e r s  by m a i l  ques t ionnai re  i s  about $25,000, o r  l ess  than  
t h r e e  percent  of t h e  annual opera t ing  cos t  of  t h e  program. The 
present  s tudy requi red  approximately $40,000 i n  t o t a l  cont rac tor  
c o s t s  and approximately $7,500 i n  NASA l abor  c o s t s .  
t i o n  c o s t s  can vary considerably according t o  t h e  eva lua t ion  ob- 
j e c t i v e s ,  t hese  f i g u r e s  may con t r ibu te  t o  a b e t t e r  understanding 
of  t h e  expense requi red  t o  monitor user  a c t i v i t y .  Higher c o s t s  
can be expected when a program monitoring e f f o r t  i s  i n i t i a t e d  and 
when program evalua t ion  i s  done without an ongoing monitoring 
e f f o r t .  By maintaining a d a t a  bank s ince  1968, TU0 management 
has achieved e f f i c i e n c i e s  i n  meeting i t s  long-term opera t iona l  
and eva lua t ion  ob jec t ives .  

While evalua- 

The study methodology (see Sect ion 11) w a s  designed, i n  
p a r t ,  t o  c o l l e c t  d a t a  f o r  es t imat ing t h e  user  cos t s  and gross  
bene f i t s  tha t  could be expected f o r  a TSP t r ansac t ion  chosen at  
random. Since t h e s e  q u a n t i t i e s  are extremely v a r i a b l e ,  d a t a  were 
a l s o  co l l ec t ed  t o  c l a r i f y  t h e  r e l a t i o n s h i p s  among TSP content ,  
app l i ca t ions ,  and u s e r  ne t  b e n e f i t s  so t h a t  t h e  study r e s u l t s  
mi.ght provide some i n s i g h t s  regarding p o t e n t i a l  improvement - i n  
t h e  Tech B r i e f  Proqram. 

It i s  very important t o  note  t h a t  t h i s  CBE methodology i s  
based on measuring economic growth increments due t o  t r a n s f e r /  
u t i l i z a t i o n  program a c t i v i t y .  This implies  t h a t  technology t r a n s f e r  
i s  a means t o  an end--economic growth i s  t h e  primary ob jec t ive  and 
t ransfer  i s  a method f o r  achieving it. Previous t r a n s f e r / u t i l i z a -  
t i o n  program evalua t ion  methods have measured, f o r  example, program 
output ( e .g . ,  number of Tech Briefs publ ished)  o r  t h e  success ra te  f o r  
t r a n s f e r  e f f o r t s  ( c f . ,  Doctors,  1971). Programmatic changes designed 
t o  improve performance f o r  e i t h e r  of t h e s e  measures can l e a d  t o  a 
reduct ion i n  t h e  CBE measurement. Increasing t h e  program output may 
increase  t h e  percentage of i r r e l e v a n t  information i n  t h e  t r a n s f e r  
channel and, t h e r e f o r e ,  decrease t h e  r e c i p i e n t ' s  chances f o r  
i den t i fy ing  use fu l  ma te r i a l .  
t r a r i l y  may l e a d  t o  dup l i ca t ion  of i n i t i a l  adapta t ion  c o s t s  by 
r e c i p i e n t s  competing i n  t h e  same market. By measuring program 
performance i n  terms of economic growth generated by t h e  invest-  
ment i n  program c o s t s ,  v a l i d  comparisons of t h e  e f f ec t iveness  
f o r  d i f f e r e n t  t r a n s f e r  mechanisms may become poss ib le .  

Increasing t h e  t r a n s f e r  rate arb i -  
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summary 

The economic measure f o r  Tech Brief  Program b e n e f i t s  w a s  
s e l ec t ed  f o r  t h i s  s tudy t o  provide a reasonable approximation t o  
accepted measures i n  t h r e e  contexts :  economic growth from Federa l  
R&D r e s u l t s ;  BTI b e n e f i t s  and c o s t s ;  and technology t r a n s f e r  pro- 
gram performance evaluat ion.  

The u n i t  of ana lys i s  and t h e  b e n e f i t  measure were spec i f i ed  
i n  t h e  following w a y :  

e TSP t r ansac t ions  were t h e  u n i t s  t o  be analyzed; and 

0 E s t i m a t e s  (by TSP r e c i p i e n t s )  of allowable ne t  
bene f i t  st reams a t t r i b u t e d  d i r e c t l y  t o  spec i f  i c  
YSP t r ansac t ions  provided t h e  b e n e f i t s  measure f o r  
t h e s e  u n i t s .  

The cos t  of c o l l e c t i n g  b e n e f i t s  d a t a  increases  f o r  TSP 
t r ansac t ions  f u r t h e r  i n  t h e  pas t ;  t he re fo re ,  t h e  t i m e  per iod  from 
1 9 7 1 t o  mid-1976 w a s  s e l ec t ed  t o  eva lua te  Program c o s t s  and bene f i t s .  
It should be noted t h a t  t h e  ne t  bene f i t  streams est imated f o r  
some TSP t r a n s a c t i o n s  which occurred i n  t h i s  t i m e  per iod continue 
i n t o  t h e  f u t u r e  and t h e r e f o r e  t h e s e  f u t u r e  bene f i t  values  are 
included i n  t h e  t o t a l  b e n e f i t s  ca l cu la t ions .  

The s tudy methodology, descr ibed i n  Sect ion 11, w a s  
designed t o :  ( a )  ob ta in  a random sample of t h e s e  es t imates ;  
( b )  de r ive  an expected ne t  bene f i t  va lue  per  TSP request,; ( c )  
ex t r apo la t e  t o  t h e  t o t a l  populat ion of TSP t r ansac t ions  t h a t  
occurred between 1971 and mid-1976; and ( d )  ca l cu la t e  t h e  
r a t i o  of t o t a l  net  b e n e f i t s  t o  NASA cos t s  f o r  Tech Brief Pro- 
gram operat ions during t h a t  same per iod .  



SECTION 11. STUDY METHODOLOGY 

The economic measure and unit of ana lys i s  were s p e c i f i e d  
ill t h e  previous sec t ion .  This s ec t ion  descr ibes  t h e  methodology 
f o r  applying t h e  measure t o  TSP r eques t s  and f o r  anaiyzing the  re -  
s u l t i n g  d a t a  t o  de r ive  an expected ne t  bene f i t  value per  TSP t r ans -  
ac t ion .  Fur ther  d e t a i l s  on t h e  methodology and data obtained are 
presented i n  Appendix B. 

Measurement Methodology 

A s  one of  t h e  Nat ion 's  l a r g e s t  technology t r a n s f e r  2rograms 
between an agency and a nonaligned ( e . g . ,  nonaerospace user  com- 
munity) the.??ASA Tech B r i e f  Program genera tes  a great var ie$y  of tech- 
n i c a l  documents, app l i ca t ions ,  and b e n e f i t s  f o r  an equal ly  broad 
v a r i e t y  of  u s e r s .  The d i s t r i b u t i o n s  f o r  120,000 TSP r eques t s  with 
r e spec t  t o  t r a n s f e r  va r i ab le s  such as technology type ,  app l i ca t ions  
and use r s  are presented i n  Appendix A. Since t h e  populat ion i s  
not normally d i s t r i b u t e d  with r e spec t  t o  any va r i ab le  and most of 
t h e  v a r i a b l e s  are not ordered ( i . e . ,  computer technology i s  n e i t h e r  
grea-ter than  nor less than  l i f e  sc iences  technology) ,  t h e  usual  
s t a t i s t i c a l  ca l cu la t ions  such as mean, s tandard dev ia t ion ,  and 
c o r r e l a t i o n  c o e f f i c i e n t s  provide l i t t l e  information about t he  
populat ion.  

Previous research  by TRIS ind ica t e s  t h a t  t h e  d i s t r i b u t i o n s  
of TSP r eques t e r  responses f o r  t r a n s f e r  va r i ab le s  and b e n e f i t s  are 
far more r e l evan t  and menable  t o  survey methods. These d i s t r i b u -  
t i o n s  can then  be used t o  der ive  an expected value f o r  t h e  va r i -  
ab l e .  T h i s  approach i s  i l l u s t r a t e d  by a simple example. Suppose, 
i n  a game of  chance, a person i s  given t h e  following d i s t r i b u t i o n  
of chances t o  win o r  lose  money: 50 percent  chance of l o s i n g  
$1; 40 percent  chance of winning $1; and 1 0  percent  chance of 
winning $2. The expected value from the  game i s :  -$1 t i m e s  50% + 
$1 t i m e s  40% + $2 times lo%, or (-1) ( . 5 ) + ( 1 ) (  . 4 ) + ( 2 ) (  .].)=$.lo. 
The numbers . 5 ,  .4, and .1 are t h e  p r o b a b i l i t i e s  t h a t  t he  var ious  
amounts w i l l  be won or l o s t .  

The measurement methodology w a s  designed t o  provide es t i -  
mates of three bas ic  d i s t r i b u t i o n s :  t o t a l  TSP r eques t s  d i s t r i b u t e d  
over two b e n e f i t  strata; p r o b a b i l i t y  d i s t r i b u t i o n  for four  appl ica-  
t i o n  modes from a TSP reques t  i n  each stratum; and p r o b a b i l i t y  
d i s t r i b u t i o n  f o r  ne t  S e n e f i t  va lues  i n  each mode. Figure 11-1 pre- 
s en t s  a flow diagram of t h e  e n t i r e  s tudy methodology. The next 
f i v e  subsect ions descr ibe t h e  s p e c i f i c  components of t h e  method- 
ology : 
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Figure 11-1. Study Methodology 

18 



Exis t ing  data sources  were reviewed and used t o  t h e  fu l l e s t  
extent poss ib l e ;  

R a n d a m  sample s z l e c t i o n  w a s  designed as a two-tiered process 
t o  s ta r t  wi th  ava i l ab le  d a t a ;  

Data c o l l e c t i o n  was through in-depth te lephone interviews 
wi th  a random sample of TS? r e c i p i e n t s  ( n  = 50); 

Data pre-analysis included four  procedures t o  s tandard ize  
t h e  economic da ta ;  and 

Data analysis included t h e  est imat ion of s t a t i s t i c a l  d i s -  
t r i b u t i o n s  and n e t  bene f i t  values .  

Ex i s t ing  Data Sources 

The a v a i l a b i l i t y  of TSP reques te r  d a t a  from e x i s t i n g  sources 
w a s  an important f a c t o r  i n  t h e  dec is ion  t o  conduct a d e t a i l e d  cost  
benefi t  s tudy.  Therefore ,  a basic  requirement i n  designing a sam- 
p l i n g  method f o r  t h e  study w a s  t o  maximize t h e  use of  e x i s t i n g  da ta  
cons i s t en t  wi th  standard random sampling c r i t e r i a .  

Figure 11-2 p resen t s  a flow diagram f o r  t h e  Data Bank which 
i s  descr ibed  more f u l l y  i n  Appendix A.  
volved i n  s e l e c t i n g  which Data Bank components t o  use--the t ime 
per iod t o  be considered and t h e  b i a s ,  i f  any, i n  drawing conclu- 
s ions  about all TSP reques t e r s  i n  Phase I based on Phase I1 data .  

Two key quest ions were in -  

The time period se lec ted  f o r  t h e  study w a s  from 1971 through 
mid-1976 , pr imar i ly  due t o  the f a c t  t h a t  interviewing c o s t s  increase  
s u b s t a n t i a l l y  f o r  pre-1971 TSP reques t s  and t h e  d a t a  q u a l i t y  de- 
creases. Phase I1 d a t a  for t h e  years  1973 and 1975 i n  t h i s  t i m e  
per iod  were not  s e l ec t ed  f o r  sampling because t h e  year t o  year va;-i- 
a t i o n s  are small enough t o  j u s t i f y  i n t e r p o l a t i o n  from da ta  f o r  adja-  
cen t  years .  
i n  1971 so t h e  Phase I1 d a t a  used i n  t h e  study a r e  not  completely 
homogeneous. 
i s o n . )  I n  p a r t i c u l a r ,  t h e  TSPQ quest ion concerning b e n e f i t s  vas l e s s  
s p e c i f i c  i n  t h e  e a r l i e r  ques t ionnai re ,  which incressed  t h e  proport ion 
of respondents who repor ted  t h a t  b e n e f i t s  were r e a l i z e d  wi th in  s i x  
months a f t e r  rece iv ing  t h e  TSP. This d i f f e rence  d i d  not  a f f e c t  t h e  
d a t a  f o r  any year  o the r  than  1971. 

I n  add i t ion ,  t h e  m a i l  quest ionnaire  (TSPQ) was rev ised  

(Appendix C contains  a sample of each TSPQ f o r  compar- 

The high sampling r a t e  f o r  t h e  ongoing rou t ine  m a i l  survey of 
TSP reques t s  (40  percent  of  a l l  TSP reque,cts s e l ec t ed  at, random) i s  
s u f f i c i e n t  t o  d r a w  general  conclusions about t h e  e n t i r e  pcpulat ion of 
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TSP requests in Phase I. 
of those mailed out) introduces a potential bias in drawing genei)al 
conclusions about Phase I from Phase I1 data. 
respondents to the questionnaire concluded that there were no substan- 
tial differences between respondents and nonrespondents (Browne, et al., 
19681. 
six years, another survey of nonrespondents was included in the current 
study. 
about Phase I--whether or not the proportion of benefit responses on 
Phase I1 questionnaires would be the same for all TSP requests. 

However, the TSPQ response rate (60 percent 

A 1969 survey of non- 

Since .this question had not been reinvestigated in more than 

The results of the new survey were required for one conclusion 

After the Data Bank components were selected and the critical 
inference ierue was identified, a randorm sampling freme was developed. 

Random Sample Selection 

The objective in a random sample selection was to specify a 
sample frame and size sufficient for inferences from tRe sample 
results to the population of TSP requests at the 95 percent con- 
fidence level. The following Data Bank classes should be distin- 
guished: 
requesters who receive questionnaires; and TSP requesters who re- 
turn questionnaires. 

TSP requests entered in the Data Bank each year; TSP 

A second mailing of the TSPQ was conducted for a random 
sample of about 300 nonrespondents in 1976 to determine whether o r  
not they differed from other respondents and, if so, to determine 
an adjustment factor for the TSPQ sample results before inferring 
that those results also hold for the population of TSP requests. 
This step was very important in the study, since only returned 
questionnaires would be sampled for telephone interviewing. 

The sampling frame w a s  based on s t r a t i f y i n g  returned ques- 
tionnaires according to the Data Bank entry year for the TSP request. 
A s  described in the previous subsectio,i, the years 1971, 1972, 1974 
and January-June 1976 were selected for sampling. Figure 11-3 shows 
the entire sampling frame. 

The same TSPQ sample size was used for each year. The stand- 
ard formula was used in determining the sample size: 
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where n =  

# 2  = 

c =  

z =  

sample s i z e  (170 as ca lcu la ted  by t h e  formula) 

deviance expected i n  each sample; based on 
previous TRIS r e s u l t s ,  t h e  number .895 w a s  
used. 

p rec i s ion  l e v e l  which was se lec ted  t o  be 0.5. 

standard normal devia te  which i s  2.576 for a 
99 percent confidence l e v e l .  

A "systematic drawing with random start" technique w a s  used 
t o  s e l e c t  170 TSPQ's f o r  each of t h e  four  years  t o  be sampled. hrery  
kth ques t ionnai re  w a s  s e l ec t ed  from t h e  case number l i s t i n g  ( a  unique 
case number i s  assigned t o  each request  when it i s  entered i n  t h e  Data 
Bank). A d i f f e r e n t  value of  k w a s  used for each year  so  t h a t  adequate 
coverage would be  achieved i n  each year ,  .although t h e  number of  TSPQ's 
per  year  va r i ed  g rea t ly .  

Data from t h e  680 TSPQ's were then coded f o r  computer ana lys i s  
The TSPQ sample f o r  and s e l e c t i o n  of t h e  telephone ic te rv iew samples. 

each year  w a s  s t r a t i f i e d  i n t o  two groups labe led  as: 

. 0 BQ f p r  those  which reported b e n e f i t s ;  and 

0 NBQ f o r  those which d id  not repor t  b e n e f i t s .  

I n  t h i s  manner, e igh t  TSPQ sample c e l l s  were c rea ted  f o r  t h e  se l ec t ion  
of a telephone interview sample from each c e l l .  

For t h e  purpose of determining t h e  interview sample s i z e ,  t he  
BQ ques t ionnai res  from 1972, 1974, and 1976 were grouped toge the r ,  and 
t h e  NBQ quest ionnaires  f o r  t hese  same years  were a l s o  grouped. The 
1971 sample w a s  not included ih the  ana lys i s  for t h i s  s t e p  due t o  t h e  
change i n  ques t ionnai res  described i n  the  previous subsect ion.  The 
s tandard formula, without t h e  fac to?  2 used above, was appl ied  again 
t o  determine an interview sample s i z e  from each of the 'BQ and NBQ 
groups. The previous values  for c and z were used so t h a t  t h e  l e v e l  
of confidence f o r  i n f e r r i n g  from t h e  interview sample da t a  would be 
99 percent  f o r  t h e  TSPQ sample, and 95 percent for t h e  Phase I1 Data 
Bank. The value f o r  e ,  t h e  standard devia t ion ,  w a s  determined from 
TSPQ sample da t a  f o r  1972, 1974, and 1976 by t h e  following a n a l y t i c  
sequence: 
i d e n t i f y  which va r i ab le s  accounted f o r  most of t h e  var iance i n  t h e  
b e n e f i t s  va r i ab le ;  ( 2 )  c a l c u l a t e  t h e  var iance f o r  each of t h e  va r i -  
ab l e s  i d e n t i f i e d ;  and ( 3 )  l e t  w equal t h e  l a r g e s t  ca l cu la t ed  deviance 
(1.616) t o  in su re  t h a t  a l l  responses a r e  adequately represented 

(1) perform a f a c t o r  ana lys i s  on t h e  quest ionnaire  da t a  t o  



with regard t o  b e n e f i t s .  The s i z e  n = 27 was thereby determined f o r  
each of t h e  groups (BQ and NBQ). Since TSPQ samples from t h r e e  years  
were used i n  t h i s  ana lys i s ,  27 was divided by 3 t o  s e l e c t  a sample 
s i z e  of n = 9 which w a s  then used f o r  each of t h e  e ight  sample c e l l s .  

Eight  in te rv iew sauples  were then se l ec t ed  f o r  t h e  e igh t  
TSPQ sample c e l l s  by t h e  same random drawing technique used above. 
Thus, e i g h t  sequences of case numbers were se l ec t ed  f o r  t h e  t e l e -  
phone interview samples and interviews were conducted i n  sequence 
f o r  each sample c e l l .  The f i rs t  n ine  completed interviews made up 
t h e  f i n a l  sample f o r  each c e l l .  An in te rv iew w a s  counted as com- 
p l e t e  i f  t h e  TSP r e c i p i e n t  w a s  contacted.  
p l e t e  only i f  t h e  r e c i p i e n t  could not be loca t ed  a f t e r  making 
every reasonable  e f f o r t  ( inc luding  Personnel Departments , for-  
warding addresses ,  and a l l  similar l eads  t o  cur ren t  l o c a t i o n ) .  
Note t h a t  t h e  d e f i n i t i o n  of a completed in te rv iew i s  independent 
of any app l i ca t ion  f o r  t h e  TSP, o r  whether t h e  r ec ip i en t  could 
even remember t h e  TSP. Sixty-nine percent  of t h e  attempted in- 
terviews were completed, with a range from 53 percent  t o  100 
percent  pe r  c e l l .  

It w a s  counted a s  incom- 

The in te rv iew sample devia t ions ,  for t h e  quest ionnaire  
va r i ab le s  most r e l a t e d  t o  b e n e f i t s ,  were no g r e a t e r  than t h e  
devia t ions  used above i n  se l ec t ing  t h e  sample s i ze .  

Data Col lec t ion  

P a r t  of t h e  d a t a  needed i n  t h i s  study w a s  a l ready  ava i l -  
a b l e  through t h e  re turned  TSPQ's, and t h e s e  da t a  were sampled 
according t o  t h e  procedures descr ibed i n  t h e  previous subsection. 
The major d a t a  c o l l e c t i o n  t a s k  concerned t h e  e igh t  interview 
samples, a l s o  descr ibed above. Copies of  t h e  TSPQ's and t h e  
telephone in te rv iew guide designed s p e c i f i c a l l y  f o r  t h i s  cos t  
bene f i t  study a r e  i n  Appendix C .  

The c r i t i c a l  f a c t o r s  i n  conducting t h e  interviews were: 
(1) con t ro l l i ng  t h e  in te rv iew assignments; ( 2 )  determining 
whether or not t h e  in te rv iewee ' s  es t imates  were allowable accord- 
ing t o  t h e  bene f i t  and cos t  c r i t e r i a ;  ( 3 )  obtaining quant i f ied  
es t imates  from at  l e a s t  7 5  percent  of t h e  interviews ( inc luding  
$0 es t ima tes ) ;  and ( 4 )  obtaining t h e  t ime d i s t r i b u t i o n  f o r  
estimated values  ( t h e  ne t  bene f i t  stream) including both a c t u a l  
values  i n  t h e  pas t  and expected values  i n  t h e  fu tu re .  
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The interviews were conducted by three experienced inter- 
viewers, but the procedure for assigning interviews from the random 
sample list was controlled by another member of the research staff. 
This was done to assure that the interviews were made in the random 
sample sequence, that no further interviews were attempted for a cell 
after nine had been completed, and that each interviewer completed at 
least two of the interviews in the final sample of nine for each cell. 
The last requirement was to minimize the potential bias due to the 
interviewers themselves. 

Regular meetings were held by the study team to review the 
interviewee estimates for allo.wability and -60 discuss alternative 
approaches for obtaining quantified estimates in specific cases where 
data were not provided in the intital interview. If an estimate was 
not clearly allowable based on the interview notes, a recontact was 
made to resolve any questions raised by the study team. More than a 
dozen recontacts were made for this purpose and to try alternative 
approaches for quantifying estimates. 

Based on previous interviewing experience, quantified estimates 
were expected for most of the costs and about 50 percent of the benefits. 
The goal for this study was to have more than 75 percent of the esti- 
mates quantified. The interviewee’s ability to estimate costs and bene- 
fits from new technology has increased in recent years, probably due to 
the increased interest by organizations in detailed cost data for all 
operational activities. TRIS staff experience, together with the ex- 
perience of others in TU0 programs such as COSMIC and the Industrial 
Application Centers, indicates that about 40 percent of the respondents 
can now provide such estimates with little or no probing by the inter- 
viewer. This percentage can be increased if the interviewer asks for 
a sequence of estimates that culminate in the economic estimate. In 
one interview, for example, the estimated benefit from an increase in 
safety was obtained by first getting an estimate of how much more time 
would have been required, using the previous method, to achieve the 
same level of safety, and then getting an estimate of how much the time 
saving was worth. As a last resort only, the forced choice approach 
was used (e.g., which of the following categories best characterizes 
the benefit: $1-$10, $11-$20, etc.); however, this was rarely used 
since it provided very 1itt;e information about how the estimate was 
determined. Gnly one of the 90 estimates of costs in the interview 
sample was unquantified, and 21 of the 90 estimates of benefits (23 
percent) were unquantified. The distribution of costs and benefits 
over time (the net benefit stream) was readily available from each 
interviewee, even unquantified estimates were identified as to when 
the cost or benefit occurred, or was expected or occur. 
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The two c e l l s  with t h e  most extreme ne t  bene f i t  r e s u l t s  
were resampled. A second te lephone in te rv iew sample was drawn, 
with replacement, from t h e  TSPQ sample populat ion f o r  t h e  c e l l s  
with largest  (1971 BQ) and smallest  (1974 NBQ) n e t  bene f i t  
amounts. The second sample f o r  1971 BQ e s s e n t i a l l y  repeated t h e  
f i r s t  sample r e s u l t s .  
repeated t h e  1971 NBQ, 1972 NBQ and 1976 NBQ r e s u l t s ,  r a t h e r  
than  repea t ing  t h e  f i r s t  sample r e s u l t s .  I n  each case ,  t h e  
second sample w a s  combined with t h e  f irst  t o  form samples with 
n = 18 f o r  a l l  t h e  subsequent a n a l y t i c  s t eps .  

The second sample f o r  1974 NBQ e s s e n t i a l l y  

Data Pre-Analysis 

Cost and bene f i t  da t a  were obtained by interviewing re- 
c i p i e n t s  f o r  t h e  random sample of 90 TSP reques ts  descr ibed i n  
t h e  previous subsect ions.  A four-s tep sequence was requi red ,  
however, t o  convert  t h e s e  data i n t o  t h e  proper form for d i r e c t  
comparison during ana lys i s .  The four  s t eps  were: 

(1) Convert a l l  data t o  1976 d o l l a r s ;  
( 2 )  Assign va lues  t o  t h r e e  of t h e  unquant i f ied  e s t i m a t e s ;  
( 3 )  Terminate seven n e t  bene f i t  streams which continued 

( 4 )  Discount a l l  ne t  benef i t  streams t o  t h e i r  1976 value.  
i n t o  t h e  i n d e f i n i t e  f u t u r e ;  and 

Dol la r  conversion. S tep  1 w a s  a s t ra ight forward  appl ica-  
t i o n  of  t h e  GNP Impl i c i t  P r i c e  Def la tor  t o  t h e  es t imates  given i n  
d o l l a r s  o ther  t han  1976. The conversion f a c t o r s  were obtained 
from t h e  June 1976 Economic Ind ica to r s .  

Value assignments. Step 2 w a s  used f o r  t h e  one unquant i f ied 
cos t  and two of  t h e  21 unquant i f ied b e n e f i t s  t h a t  remained af ter  - 

every e f f o r t  w a s  made t o  obta in  interviewee estimates. The 90 p a i r s  
of  cos t  and b e n e f i t  estimates were separated i n t o  n a t u r a l  groups: 
zero c o s t s  and b e n e f i t s  (26 i n  group);  nonzero c o s t s  and zero b e n e f i t s  
(one unquant i f ied out of  13 i n  group);  zero c o s t s  and nonzero b e n e f i t s  
(13 unquant i f ied out of 22 i n  group);  and nonzero c o s t s  and nonzero 
b e n e f i t s  ( e i g h t  unquant i f ied b e n e f i t s  out of  29 i n  group).  
one case  with unquant i f ied c o s t s  was similar t o  t h e  res t  of t h e  group, 
t h e  group average cos t  ($200 i n  1976 d o l l a r s )  w a s  assigned. 
l a s t  group contained two estimates t h a t  t h e  unquant i f ied b e n e f i t s  
had exceeded t h e  quant i f ied  cos t s .  I n  each of t h e s e  two cases ,  
t h e  bene f i t  had occurred i n  t h e  same year  as t h e  c o s t .  The assigned 
bene f i t  value i n  each case  was equal. t o  1 1 0  percent of t h e  respec- 
t i v e  c o s t ,  so  t h e  assigned n e t  bene f i t  w a s  1 0  percent  of t h e  quanti-  
f i e d  c o s t .  

Since t h e  

The 
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The o the r  19 unquant i f ied b e n e f i t s  were l e f t  indeterminate  
s ince  t h e r e  was no c l e a r  r a t i o n a l e  f o r  assuming they  were similar 
t o ,  or some proport ion o f ,  t h e  aggregate quan t i f i ed  estimates i n  
t h e  same group. When t h e  quan t i f i ed  da t a  were analyzed however, 
t h e  var ious  extreme p o s s i b i l i t i e s  (e .g . ,  a l l  19 being equal  t o  0 
or t h e  s ix  wi th  a c t u a l  c o s t s  being equal  t o  those  c o s t s )  were con- 
s idered  f o r  t h e s e  19 unquant i f ied b e n e f i t s .  A s  shown i n  t h e  
following d a t a  ana lys i s  subsect ion,  any biases t h a t  may occur i n  
t h e  unquant i f ied  b e n e f i t s  do not s i g n i f i c a n t l y  e f f e c t  t h e  a n a l y t i c  
results . 

Benefi t  stream terminat ion.  Step 3 w a s  requi red  f o r  
n e t  b e n e f i t  streams which t h e  interviewees descr ibed as cont inuing 
i n t o  t h e  i n d e f i n i t e  fu tu re .  There were seven of t h e s e  continuing 
ne t  bene f i t  streams i n  t h e  sample da t a .  The problem of  es t imat ing  how 
long a TSP reques te r  w i l l  continue t o  use information and bene f i t  from 
t h e  document i s  d i f f i c u l t  and any method f o r  ob ta in ing  an answer 
w i l l  in t roduce some uncer ta in ty  i n  t h e  q u a n t i t a t i v e  r e s u l t s .  The 
method developed f o r  t h i s  study i s  based on a reasonable assumption 
t h a t ,  f o r  each r e c i p i e n t ,  t h e  u t i l i t y  of a t echn ica l  document w i l l  
genera l ly  dec l ine  a f te r  reaching a maximum u t i l i t y .  This assumption 
means t h a t  a f t e r  t h e  maximum use f o r  a document i s  achieved i n  t h e  
context  of  t h e  r e c i p i e n t ' s  technological  p r a c t i c e ,  t h e  document 
conten ts  w i l l  g radual ly  become obsole te  i n  t h a t  context s ince  tech- 
nologica l  p r a c t i c e  w i l l  genera l ly  continue t o  change. 

The primary quest ions i n  applying t h i s  method concern t h e  
rate of  dec l in ing  technologica l  u t i l i t y  f o r  each TSP r e c i p i e n t  with 
a cont inuing net  b e n e f i t  stream and t h e  marginal l e v e l  of r e s i d u a l  
u t i l i t y  when t h e  TSP w i l l  be discarded.  
were used t o  spec i fy  dec l in ing  rates f o r  each of  t h e  seven continuing 
streams: a f l a t  rate of  10  percent  i n  each case and a variable 
rate (4-9 pe rcen t )  determined for each case based on the  rates of 
technologica l  change for i n d u s t r i a l  s e c t o r s  related t o  t h e  p a r t i c u l a r  
app l i ca t ion  i n  t h e  case .  The i n d u s t r i a l  s e c t o r s  used i n  t h e  second 
approach included t h e  app l i ca t ion  sec to r  as w e l l  as t h e  s e c t o r s  
supplying goods used i n  t h e  app l i ca t ion .  The variable rate w a s  de- 
termined by adding a l l  t h e  appl ica t ion- re la ted  rates of technologica l  
change; t h e  rates of  technologica l  change were obtained from Edwin 
Mansfield 's  well-known work on t h e  subjec t  (Mansfield,  1968). The 
marginal l eve l  of  r e s i d u a l  u t i l i t y  w a s  assumed t o  be 50 percent  f o r  
a l l  seven cases ,  so t h e  s tandard compound i n t e r e s t  formula using 
var ious  dec l in ing  rates were set  equal  t o  0.5 and solved t o  
determine how many years  should be used i n  each cont inuing bene f i t  
stream. 

Two d i f f e r e n t  approaches 

The 1 0  percent  ra te  spanned a six-year per iod from t h e  i n i t i a l  
year  of cur ren t  use. 
l abe led  B(10). 

Benefi t  t o t a l s  obtained by using t h i s  ra te  a r e  
The v a r i a b l e  ra te  spanned from e igh t  t o  17 years  f o r  



Lhe seven cases ,  but an upper l i m i t  of 12 years  w a s  assumed f o r  each 
TSP s ince  they a r e  paper-bound documents t h a t  will undoubtedly become 
i l l e g i b l e  over t i m e .  
r a te  are labe led  B(4-9). 
each cont inuing stream using t h e  va r i ab le  r a t e  approach. 

Benefit  t o t a l s  obtained by using t h e  va r i ab le  
Table 11-1 shows t h e  rates and years  f o r  

rmLE 11-1. TERMINATION OF NET BENEFIT STREAMS BY VARIABLE WTES OF 
D E C L I N I N G  TECHNOLOGICAL UTILITY FOR TSP'S. 

YEARS TO 
CASE SAMPLE RELATED RATES DECLINING REACH 50% 

NUMBER CELL OF CHANGE ( % ) *  RATE ( % )  RESIDUAL** 

1.5064 1976BQ 3.6 ( E l e c t r i c a l  
Equipment ) 

97988 1974 NBQ 3.2 (Petroleum) 
1.0 (Machinery) 

97564 1974BQ 3.2 (Petroleum) 
3.7 (Chemical) 

96748 1974BQ 2.6 (Chemical , 
disembodied) 

Equipment ) 
3.6 ( E l e c t r i c a l  

97287 1974BQ 8.3 ( Instruments  ) 

59126 1971NBQ 3.2 (Petroleum) 

59162 1971BQ 8.3 ( Instruments)  

4.0 17 

5 - 0  14 

7 . 0  10 

7.0 10 

9.0 8 

4.0 1 7  

9.0 8 

"Source f o r  rates of  technologica l  change: Mansfield, 1968. 
**A maximum of 12 yea r s  w a s  assumed fo r  TSP's s ince  they  are paper- 

bound document s. 

The e f fec t  of these two approaches, f ixed raft3 dnr3 va r i ab le  
r a t e ,  on the  benefi t  arid cost da t a  i s  i l l u s t r a t e d  b y  a n  exar~ple  which 
shows t h e  aggregate charge they cause i n  the  ne t  b e n e f i t s .  A medical 
instrument manufacturer, Case Number 59162, used a TSP i n  1971 t o  de- 
velop a new production process  and s u b s t a n t i a l l y  acce lera ted  t h e  m a r -  
( C P ~  in ' radrrct ion of  a npw proddct i n  1972. The 1 0  percent r a t e  of 
t lcclir  $rig u t i l i t y  wou I t e r r n i v q t p  the  cnmDany's benef i t  s i r c m  i n  
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1977 wi th  an accumulated ne t  bene f i t  of $32,592. 
technologica l  change i s  9 percent  (based on t h e  ra te  f o r  t h e  in s t ru -  
ment i ndus t ry )  which would terminate t h e  stream i n  1979 wi th  an accumu- 
l a t e d  ne t  b e n e f i t  of $47,760. 
te rmina t ing  i n  1977 and 1979 i s  a 47 percent increase  i n  ne t  b e n e f i t s  
even though.both terminat ion da te s  are i n  tile near f u t u r e .  The e f f e c t  
of t hese  two approaches f o r  dec l in ing  u t i l i t y  rates i s  somewhat l e s s  
f o r  t h e  t o t a l  ne t  b e n e f i t s  from 90 interviews.  

The rate based on 

I n  t h i s  case ,  t h e  d i f f e rence  between 

The t o t a l  ne t  b e n e f i t s  from a l l  interviews were analyzed t o  
determine t h e  proport ion o f  pro jec ted ,  as compared t o  p a s t ,  b e n e f i t s  
f o r  each approach. The pro jec ted  b e n e f i t s  were def ined as t h e  con- 
t i n u i n g  bene f i t  stream por t ions  which are expected t o  occur i n  1978 
and beyond. Since t h e  interviews were conducted i n  l a t e  1976 and the  
estimates were based on a c t u a l  bene f i t  streams, t h e  es t imates  f o r  1977 
appear t o  be  reasonably c e r t a i n  t o  occur r a t h e r  than  pro jec ted  expec- 
t a t i o n s .  With t h e  10  percent  rate, pro jec ted  ne t  b e n e f i t s  were 8 per- 
cent  of t h e  t o t a l  and t h e  average terminat ion da te  f o r  seven continuing 
streams w a s  1979. With t h e  va r i ab le  rate,  pro jec ted  ne t  b e n e f i t s  were 
26 percent  of t o t a l  ne t  b e n e f i t s  and t h e  average terminat ion d a t e  w a s  
1983. This suggests  t h a t  t h e  1 0  percent ra te  provides a conservat ive 
estimate of  t o t a l  b e n e f i t s  from t h e  Tech Br ie f  Program. S t a t i s t i c a l  
ana lys i s  i n  t h e  next subsect ion ind ica t e s  t h a t  t h e  v a r i a b l e  ra te  may 
correspond more accura te ly  t o  economic growth from technologica l  
change. Fur ther  research  i s  needed f o r  b e t t e r  estimates of t h e  rates 
and marginal l e v e l  of r e s i d u a l  u t i l i t y .  

Discounted values .  Step 4 w a s  a s t ra ight forward  app l i ca t ion  
of  t h e  s tandard discount ing method*, using a ra te  of 1 0  percent ,  f o r  
a l l  cos t  and b e n e f i t  da t a .  The choice of t h i s  procedure, however, 
i s  a major i s s u e  s ince  it t reats  b e n e f i t s  i n  t h e  pas t  as i f  they  were 
d o l l a r s  saved at 10  percent  i n t e re s t .  This issue and a mathematical 
de r iva t ion  of t h e  co r rec t  procedure are presented i n  Appendix B. 

The in te rv iew da ta ,  modified by these  four  s t e p s ,  are pre- 
sented f o r  each sample c e l l  i n  Tables B-1 through B-10 i n  Appendix B. 

Data Analysis 

A f t e r  t h e  d a t a  were i n  a comparable form, they  were statis-  
t i c a l l y  analyzed t o  estimate t h e  expected ne t  bene f i t  value pe r  TSP 
reques t .  The a n l a y t i c  procedure cons is ted  of  four  s t eps :  

(1) Dis t r ibu t ion  of TSP reques ts  i n t o  two strata (BQ and 
NBQ) ; 

1976-T *The discount  f a c t o r  f o r  t h e  year T i s  (1 i- .1) 
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( 2 )  D i s t r ibu t ion  f o r  each stratum of TSP reques ts  
i n  four  app l i ca t ion  modes; 

( 3 )  Di s t r ibu t ion  f o r  each mode of net b e n e f i t  va lues  
and expected value; and 

( 4 )  Combining s t e p s  2 and 3 t o  es t imate  t h e  expected 
value f o r  a TSP request i n  each stratum. 

S t r a t a  d i s t r i b u t i o n .  The two s t ra ta ,  described i n  t he  
subsection on sample s e l e c t i o n ,  a r e  based on TSP questionnaire 
responses where use r s  repor ted  t h a t  b e n e f i t s  had occurred (BQ 
stratum) o r  had not occurred (NBQ stratum) wi th in  s i x  months 
a f t e r  rece iv ing  t h e  TSP. Every TSP reques t  i s  represented by 
e i t h e r  t h e  BQ or t h e  NBQ in te rv iew sample c e l l s  s o  t h e  key in-  
fe rence  from t h e  study d a t a  t o  t h e  t o t a l  TSP reques t  population 
(Phase I Data Bank) concerns t h e  d i s t r i b u t i o n  of a l l  reques ts  
i n  t h e s e  two stratum ( i . e . ,  how many reques ts  a r e  represented 
by t h e  BQ sample c e l l s  and t h e  remainder must be represented 
by t h e  NBQ sample c e l l s ) .  This d i s t r i b u t i o n  w a s  based on t h e  
TSP questionnaire sample distribution and the results of a 
nonrespondents survey, a second mailing of t h e  same question- 
n a i r e ,  conducted as p a r t  of t h e  cur ren t  study. 

The rate of "apa the t ic"  responses ( e .g . ,  missing d a t a  or 
"don't  know") on ques t ionnai res  from t h e  second mail ing w a s  twice 
t h e  rate f o r  t hese  responses on ques t ionnai res  re turned  from t h e  
original. mailing. This r e s u l t  i n d i c a t e s  t h a t  t h e  Phase I1 Data 
Bank, which w a s  sampled f o r  t h i s  study, probably conta ins  a higher 
proportion of BQ responses than  would be t h e  case i f  a l l  question- 
n a i r e s  were re turned .  Therefore,  t h e  TSP ques t ionnai re  sample 
propor t ion  i n  t h e  BQ stratum f o r  each sample year was reduced by 
an adjustment f a c t o r  of .86 t o  ob ta in  an estimate of t h e  t o t a l  
TSP reques t s  (Phase I Data Baak) i n  t h i s  stratum f o r  t h e  same 
year.  

The adjustment f a c t o r  w a s  based on t h e  f a c t  t h a t  apa the t i c  
responses increased by a f a c t o r  of two and on t h e  r e s u l t s  from 
nonrespondent s t u d i e s  repor ted  i n  t h e  l i terature (Lansing and 
Morgan, 1971). It was determined as follows: t h e  i n i t i a l  40 
percent sample was randomly s e l e c t e d ,  s o  t h e  60 percent response 
r ep resen t s  60 percent of t h e  Phase I population; h a l f  of t h e  re -  
mainder a r e  probably no d i f f e r e n t  from t h i s  60 percent ,  so 80 
percent of Phase I has t h e  same propor t ion  i n  BQ as t h e  question- 
n a i r e  sample; h a l f  of t h e  remaining 20 percent probably has h a l f  
t h i s  propor t ion ;  h a l f  of t h e  remaining 1 0  percent probably has 
one-fourth of t h i s  propor t ion ;  and t h e  l as t  5 percent probably 
has none of t h i s  proport ion ( i . e . ,  ( . 8 )  (1) + (.1) ( . 5 )  + ( . O S )  
(.25) + ( . O S )  ( 0 )  = . 8 6 ) .  Table 11-2 shows t h e  ad jus ted  d i s -  
t r i b u t i o n  f o r  TSP reques t s ,  by yea r ,  i n  t h e  BQ and NBQ strata. 
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TABLE 11-2. "I!& TSP REQUESTS REPRESENTED BY BQ AND NBQ STRATUM 

Estimated f of Re- 
quests Represented TSP TSP 

TSP Reported Benefits by BQ Cells (Non- Requests Requests 
Requests i n  TSPQ Sample respondent f a c t a =  Represented Represented 

Year Recorded No. (% for n=170) .86) by BQ C e l l a  by NBQ Cells 
1976 4,850 20 (12%) 1 of 485 4,365 
(Jan. -June) 
1975 8,570 ---* 
197 3 10,630 ---* 
1974 10,680 28 (16.5%) 

1972 15,350 17 (10%) 
1971 22,410 79 (46.5%)** 

Totals 72,490 
... 

13% 1,114 7,456 
14% 1.495 9,185 
11% 1,169 9,461 
8.5% 1,305 14,045 
40% 8,964 13,446 ... 

14,532 (20%) 57,958 (80%) 

*Not sampled, values interpolated from adjacent years. 
**TSP Questionnaire changed, the previous benefit question was more broadly stated.  

Applicat ion mode d i s t r i b u t i o n .  Four app l i ca t ion  modes provide 
an important basis f o r  r e l a t i n g  t h e  type of TSP app l i ca t ion  t o  t h e  
magnitude of n e t  b e n e f i t s  a t t r i b u t e d  t o  t h e  document. 
by t h e  app l i ca t ion  context used i n  es t imat ing c o s t s  and b e n e f i t s ,  but  
t h i s  d e f i n i t i o n  i s  not based on t h e  magnitude of t hese  es t imates .  

They a r e  def ined 

0 Mode 0 - no app l i ca t ion  w a s ,  or will be, attempted and 
t h e r e  a r e  no c o s t s  or b e n e f i t s ;  

0 Mode 1 - c o s t s  and b e n e f i t s  a r e  a t t r i b u t e d  t o  acquir ing 
information from a source; 

0 Mode 2 - c o s t s  and b e n e f i t s  are a t t r i b u t e d  t o  applying 
the TSP content  t o  improve e x i s t i n g  products ,  processes  
o r  s e rv i ces ;  and 

0 Mode 3 - c o s t s  and b e n e f i t s  are a t t r i b u t e d  t o  applying 
the  TSP content  t o  develop new products ,  processes  o r  
s e rv i ces .  

The four  modes are i n t e r p r e t e d  i n  t h e  technologica l  change 
context.  
an organiza t ion  may acqui re  t echn ica l  information from many sources 
such as personal con tac t s ,  p ro fes s iona l  o r  t r a d e  publ ica t ions  and 
TSP's. If t h e  information does not appear t o  be r e l evan t ,  it i s  
o f t en  discarded before  any c o s t s  o r  b e n e f i t s  occur (Mode 0 ) .  

Ind iv idua ls  who a r e  a t tempting t o  change technology within 

If it 
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appears t o  be r e l evan t  f o r  a planned change or it provides an op- 
por tuni ty  f o r  improvement, time i s  usua l ly  invested t o  i n t e r n a l i z e  
the  information. Benef i t s  may be a t t r i b u t e d  t o  t h e  information source 
because it de l ivered  t h e  information and time w a s  saved by not having 
t o  f i n d  it through o the r  sources.  When t h e  cos t  or bene f i t  es t imates  
a re  assoc ia ted  only with information acqu i s i t i on  a c t i v i t i e s ,  t h e  TSP 
appl ica t ion  i s  i n  Mode 1. If t h e  information i s  perceived as not 
being ava i l ab le  from other  sources and t h e  TSP content w a s  incorpo- 
r a t e d  i n  a change wi th in  t h e  organiza t ion ,  t h e  app l i ca t ion  i s  i n  
Mode 2 or 3 depending on the  type of change. 
l o g i c a l  change, t h e  last  two modes are usua l ly  very d i f f e r e n t  with 
regard t o  organiza t iona l  dec is ion  processes ,  c o s t s ,  and t i m e  re- 
quired f o r  adoption. 
and processes  would be d is t inguished  as output and input  submodes. 
Most TSP app l i ca t ions  i n  Modes 2 and 3 are for processes ,  r a t h e r  than  
products.  

I n  terms of techno- 

For more d e t a i l e d  economic analyses ,  products 

The in te rv iew r e s u l t s  were grouped according t o  strata (45 
interviews i n  each) t o  es t imate  two d i s t r i b u t i o n s  over t h e  four  
app l i ca t ion  modes. Each d i s t r i b u t i o n  was in t e rp re t ed  as t h e  prob- 
a b i l i t y  t h a t  a TSP request i n  the stratum would be i n  one o r  
another of the four modes. Table 11-3 shows t h e  d i s t r i b u t i o n  f o r  
each stratum and t h e  weighted average d i s t r i b u t i o n  for a l l  TSP re-  
quest  s. 

TABLE 11-3. PROBABILITY DISTRIBUTIONS 
FOR APPLICATION MODES 

MODE 
STRATUM 0 1 2 3 

BQ .200 556 .178 .067 

NBQ 378 ,533 .089 .ooo 

WEIGHTED 
AVERAGE" .342 .538 . io7 .013 

"Average for BQ and NBQ strata, weighted by the  t o t a l  number of 
TSP reques t s  i n  each stratum given i n  Table 11-2. 

The Mode d i s t r i b u t i o n s  for each of t h e  e igh t  sample c e l l s  
(four sample yea r s  for each stratum) were compared f o r  d i f f e rences  
among t h e  strata and years .  Note t h a t  t h e  p r o b a b i l i t y  i n  Table 11-3 
for being i n  Mode 1 i s  about t h e  same f o r  TSP reques ts  i n  e i t h e r  t h e  
BQ or NBQ strata. However, r eques t s  i n  the  NBQ group are twice as 
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l i k e l y  t o  be i n  Mode 0 ,  ha l f  as l i k e l y  t o  be i n  Mode 2, and almost 
never i n  Mode 3 ,  as compared t o  the EQ group. This i n d i c a t e s ,  then ,  
t h a t  t t e  TSP reques te r  has a reasonably good idea ,  after s i x  months, 
concerning t h e  eventual  appl ica t ion  of  t he  TSP. 

Table E-11 i n  Appendix B presents  more d e t a i l s  about t hese  
d i s t r i b u t i o n s  f o r  t h e  four  sample years .  The in te rv iew da ta  w e r e  
co l l ec t ed  and analyzed as samples of t h e  two strata, r a t h e r  than  
samples of t h e  year ly  reques ts .  This means t h a t  averages should be 
weighted by the stratum propprt ions (which incorporate  1975 and 1973 
r e q u e s t s ) ,  rather than t h e  request  proportions f o r  the four  sample 
years  . 

Net b e n e f i t  d i s t r i b u t i o n s .  The 90 interview r e s u l t s  were 
next regrouped by appl ica t ion  mode t o  analyze t h e  d i s t r i b u t i o n  and 
expected value of ne t  bene f i t s  i n  each mode. The number of cases 
i n  each mode w a s :  26 i n  Mode 0; 49 i n  Mode 1; 12 i n  Mode 2 ,  and 3 
i n  Mode 3. All of t h e  unquant i f ied r e s u l t s  were i n  Mode 1 so  only 
30 quant i f ied  estimates were ava i l ab le  for ana lys i s  i n  t h a t  mode. 
Five of t h e  seven continuing net  bene f i t  streams were i n  Mode 2 and 
the o the r  two were i n  Mode 3 so only these modes were a f f e c t e d  by 
the range of values  [B(10) and B(4-9)] introduced by t h e  two termi- 
na t ion  methods described i n  t h e  Data Pre-Analysis subsection. Note 
that  Mode 0 i s  simply the s ing le  ne t  bene f i t  value of $0. 

Graphical methods, including normal p robab i l i t y  graphs,  
were used i n i t i a l l y  t o  develop hypotheses regarding which type of 
standard d i s t r i b u t i o n  family charac te r ized  the  sample da t a  d i s t r i -  
but ion f o r  t h e  o ther  t h r e e  modes. The results indica ted  t h a t  Mode 
1 i s  normally d i s t r i b u t e d ,  Mode 2 i s  e i t h e r  normal o r  lognormal, 
and Mode 3 i s  probably a lognormal d i s t r i b u t i o n .  
d i s t r i b u t i o n ,  toge ther  with other  skewed d i s t r i b u t i o n s  such as Gamma 
and Pareto,  i s  commonly used f o r  economic data analyses  (Johnson 
and Kotz,  1970). 

The lognormal 

The Phase I11 Data Bank w a s  reviewed i n  order  t o  es t imate  
the lower bounds f o r  values  i n  the  las t  two modes. Based on 164 
TSP-related t r a n s f e r  cases with quan t i f i ed  bene f i t  data, $1,000 
was se l ec t ed  as a reasonable lower bound f o r  Mode 3 values .  The 
lower bound f o r  Mode 2 values  appears t o  be one or two engineering 
days, so $200 w a s  used as a reasonable lower bound. These lower 
bounds were used t o  s implify t h e  comparison of Mode 2 and 3 sample 
d i s t r i b u t i o n s  t o  the lognormal d i s t r i b u t i o n  s ince  a logari thmic 
transformation of a lognormal d i s t r i b u t i o n  minus i t s  lower bound 
i s  a normal d i s t r i b u t i o n .  

Two s t a t i s t i c a l  methods were then used t o  t e s t  how w e l l  t he  
sample data i n  each mode fit t h e  standard d i s t r i b u t i o n s  ind ica t ed  
above. The importance of these  tes ts  i s  due t o  the key r o l e  i n  
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t h e  study methodology f o r  t h e  standard d i s t r i b u t i o n  forms spec i f i ed  
with t h e  t es t  results. 
ca l cu la t ing  t h e  expected net  bene f i t  value from a TSP request i n  a 
mode, as wel l  as a model f o r  how economic bene f i t s  a r e  obtained 
from t echn ica l  information. 

The d i s t r i b u t i o n  form i s  t h e  basis f o r  

The f irst  tes t  w a s  t h e  L i l l i e f o r s  vers ion of t h e  Kolmogorov 

( A  var iab le  i s  standard- 

This t e s t  i s  very s e n s i t i v e  s ince  it compares 

test t o  compare sample d i s t r i b u t i o n s  with t h e  normal d i s t r i b u t i o n  
a f t e r  t h e  va r i ab le  has been standardized. 
ized by subt rac t ing  t h e  sample mean and d iv id ing  by t h e  sample 
standard dev ia t ion . )  
t he  d i f fe rences ,  a t  each value i n  t h e  sample, between t h e  sample 
accumulative p r o b a b i l i t y  and t h e  normal accumulative p robab i l i t y ;  
t he  t e s t  result i s  t h e  l a r g e s t  absolu te  value among these  d i f f e rences  
(Conover, 1972). Some v a r i a t i o n  i n  t h i s  t es t  r e s u l t  i s  expected fo r  
samples drawn from a d i s t r i b u t i o n  which i s  known t o  be normal so 
t h e  result i s  in t e rp re t ed  by giving t h e  expected proportion of 
normal samples t h a t  would have g r e a t e r  d i f fe rences  than t h e  t e s t  
r e s u l t  observed f o r  t h e  a c t u a l  sample. Tables B-12 thfough 15 i n  
Appendix B show t h e  tes ts  and r e s u l t s  f o r  each mode. 

The L i l l i e f o r s  t es t  ind ica ted  t h a t :  

0 Mode 1 values  a re  s i m i l a r  t o  a normal d i s t r i b u t i o n  but 
there appears t o  be a cusp near 0 which may be due t o  
t h e  19 unquant i f ied cases i n  t h i s  mode or t o  t h e  exis- 
tence  of two exponential  d i s t r i b u t i o n s  r a t h e r  than one 
normal d i s t r i b u t i o n .  

0 Mode 2 values are c lose  t o  a lognormal d i s t r i b u t i o n ,  
c l o s e r  than they a r e  t o  a normal d i s t r i b u t i o n ,  and 
t h e  va r i ab le  r a t e  f o r  dec l in ing  technological  u t i l i t y  
gives  a b e t t e r  f i t  than t h e  f ixed  rate of 1 0  percent ;  and 

0 Mode 3 values  a r e  c lose  t o  a lognormal d i s t r i b u t i o n  and 
$he va r i ab le  rate gives  a b e t t e r  f i t  but  t h e  r e s u l t s  a r e  
not conclusive f o r  a sample of s i z e  3. 

The second tes t  w a s  a graphica l  method, using co r re l a t ion  
coe f f i c i en t s ,  t o  determine empir ical ly  what percentage of 1,000 
normal samples had a lower c o r r e l a t i o n  coe f f i c i en t  than t h e  da ta  
sample being tested. The sample va lues ,  or  logarithms of t hese  
values minus t h e i r  lower bounds, were p l o t t e d  f o r  each #de against  
standardized normal values i n  t h e  following way: t h e  i sample 
value ( f o r  a sample of s i z e  n ordered by magnitude) w a s  pa i red  with 
the  standard normal value having an accumulative p robab i l i t y  equal 
t o  ( i -3/8)  + (n+1/4).  The c o r r e l a t i o n  coe f f i c i en t  w a s  then  ca l -  
cu la ted  f o r  t h i s  set of numbers. One thousand samples of s i z e  n 
from a normal d i s t r i b u t i o n  were generated by computer and a com- 
parable  co r re l a t ion  c o e f f i c i e n t  was ca lcu la ted  f o r  each sample. 

34 



The proport ion of normal samples with c o e f f i c i e n t s  smaller than t h e  
test  sample w a s  thereby determined empir ical ly .  Figures  B-1 
through 4 i n  Appendix B show t h e  graphs and results f r o m  t h i s  tes t .  

Table 11-4 summarizes a l l  of t h e  t e s t  r e s u l t s .  The cor re la -  
t i o n  t es t  agreed with t h e  L i l l i e f o r s  test  for  Modes 1 and 3, but  
t h e  d i s t r i b u t i o n  f o r  Mode 2 appears t o  be more complex. The Mode 2 
values can be separated i n t o  two submodes based on whether t h e  tech- 
nology i s  used only by an ind iv idua l  (probably a normal d i s t r i b u t i o n )  
o r  t h e  app l i ca t ion  i s  i n s t i t u t i o n a l i z e d  i n  the  organizat ion (probably 
a lognormal d i s t r i b u t i o n ) .  

TABLE 11-4. TEST SUMMARY FOR NET BENEFIT 
DISTRIBVTLON IN mDES 

SAMPLE WPOTHETICAL 
MODE SIZE DISTRIBUTION 

Mode 1 30 Normal 

Mode 2 
B(10) 12 Normal 
B(4-9) 12 Normal 

Mode 2 
B(10) 1 2  Lognormal 
B(4-9) 12 Lognormal 

Mode 3 
B ( 1 0 )  3 Lognormal 
B(4-9) 3 Lognormal 

LILI 
ESULT 

.156 

.223 

.166 

.191 . I.bg 

.251 

.326 

5-10% 

10% 
over 20% 

over 20% 
over 20% 

** 
** 

CON 
RESULT 

.97 

.966 

.967 

.948 

.954 

* 929 
.961 

441  
46% 

20% 
25% 

27% 
47% 

*Test r e s u l t  interpreted as the  expected percentage of samples, from the  hypothetical 
d i s t r ibu t ion ,  which would give a worse r e s u l t  than was obtained from the  sample data;  
a higher percent indicates a higher l ikelihood f o r  t h e  hypothetical  dis t r ibut ion.  

**Test r e s u l t s  are  ambiguous for sample s i ze  of three;  some references ( e .g . ,  Siegel ,  
1956) indicate  t h a t  the in te rpre ta t ion  fo r  these r e s u l t s  would be over 20 percent. 
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The d i s t r i b u t i o n s  se lec ted  a f t e r  t h e  above ana lys i s  were: 
Mode 1 (normal) ; Mode 2 (lognormal) ; and Mode 3 (lognormal). 
t he re  i s  some uncer ta in ty  regarding t h e  d i s t r i b u t i o n s  f o r  Modes 1 
and 2, t h e  expected value f o r  each mode would not be changed by 
more than 7 percent  if t h e  ind ica ted  a l t e r n a t i v e  d i s t r i b u t i o n s  
were used instead. Analysis of t h e  a l t e r n a t i v e  d i s t r i b u t i o n s  i s  
important,  however, i n  t h e  development of a model f o r  how t echn ica l  
information generates  economic bene f i t s .  
t i o n s  r e l a t e d  t o  t h i s  subject  a r e  discussed i n  Section I V .  

While 

The hypotheses and ques- 

The expected value f o r  ne t  b e n e f i t s  d i s t r i b u t e d  according 

E [ f ( x ) ]  = $f(x)&. 

t o  a p robab i l i t y  d e z i t y  func t ion ,  f ( x )  , i s :  

-.9 
T h i s  can be in t e rp re t ed  as t h e  value expected f o r  t h e  average net  
bene f i t  per  TSP reques t  i n  a mode i f  es t imates  were obtained from 
every TSP reques te r  i n  t h a t  mode. 
as normal o r  lognormal, t h e  expected value may be ca lcu la ted  from 
the parameters which appear i n  t h e  func t ion ,  f ( x ) ,  f o r  t h e  dis-  
t r i b u t i o n .  The values  used f o r  t hese  parameters were t h e  m a x i m u m  
l ike l ihood est imators  derived from t h e  sample mean and standard 
deviat ion f o r  each mode. These de r iva t ions ,  together  w i t h  t h e  ex- 
pected value formulas, a r e  presented  i n  most mathematical s t a t i s t i c s  
books ( c . f . ,  Johnson and Kotz, 1970). Table 11-5 shows t h e  expected 
value i n  each mode f o r  a TSP request  using t h e  two d i f f e r e n t  r a t e s  
of dec l in ing  technological  u t i l i t y .  

For standard d i s t r i b u t i o n s  such 

TABLE 11-5. EXPECTED NET BENEFIT VALUE PER 
TSP REQUEST I N  MODES* 

EXPECTED VALUE AT EXPECTED VALUE AT 
MODE 10% RATE, B(10) VARIABLE RATE, B(4 -9 )  PROBABILITY 

0 $0 $0 .34 

1 $100 $100 54 

2 $4,900 $5,000 .11 

3 $22,600 $31,100 .01 

* Rounded t o  hundreds of  d o l l a r s .  
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Since Mode 1 contained 19 unquant i f ied cases ,  t h e  ava i l ab le  
da t a  were f u r t h e r  analyzed t o  determine how much the  expected value 
might change i f  a l l  49 cases  i n  the  mode were quant i f ied .  This 
ana lys i s  w a s  bssed on ca l cu la t ing  the  four d i f f e r e n t  means f o r  four  
groups of 49 undiscounted values .  These were obtained by combining 
the  30 quan t i f i ed  values  with the  poss ib l e  extreme s i t u a t i o n s :  a l l  
13 cases  with zero c o s t s  and unquantified b e n e f i t s  as having one of 
two extremes ( e i t h e r  zero b e n e f i t s  or b e n e f i t s  equal t o  t h e  average 
f o r  t h i s  group);  and a l l  s i x  cases  with quant i f ied  c o s t s  as having 
one of two extremes ( e i t h e r  zero b e n e f i t s  or b e n e f i t s  equal t o  t h e  
c o s t s ) .  The r e s u l t i n g  fou r  means were averaged under var ious  reason- 
ab le  assumptions regarding the  r e l a t i v e  p r o b a b i l i t i e s  f o r  t h e  extreme 
s i t u a t i o n s  they  represented.  
10  percent of t h e  mean f o r  the  30 undiscounted values  so these  values  
were used, a f t e r  discount ing,  t o  es t imate  the  expected Mode 1 value 
of $130 ( l a t e r  rounded t o  $100).  

Expected value per  TSP reques t .  The f i n a l  s t e p  t o  es t imate  

The r e s u l t i n g  averages were a l l  within 

the  expected ne t  bene f i t  per  TSP request  was based on t h e  request  
d i s t r i b u t i o n  i n  modes ( see  Table 11-3) and t h e  expected value from 
each mode ( s e e  Table 11-5). The p robab i l i t y  d i s t r i b u t i o n  f o r  ne t  
b e n e f i t s  from a TSP reques t  i s  given by the  sum of p robab i l i t y  
dens i ty  func t ions  f o r  each mode, weighted by t h e  p robab i l i t y  f o r  
being i n  t h e  four  d i f f e r e n t  modes. 
sum i s  equal t o  the  weighted sum of  expected values  i n  each mode. 
For example, t h e  expected value from a TSP request  i n  t h e  BQ stratum, 
f o r  t h e  B(10) va lues ,  i s :  

The expected value f o r  t h i s  

Table 11-6 shows t h e  expected value f o r  a TSP request  i n  
e i t h e r  stratum, toge ther  with the  average weighted by the  aggregate 
proport ions for t h e s e  two strata. 
BQ and NBQ proport ions axe r e l a t i v e l y  l a r g e  so  t h e  stratum expected 
va lues ,  r a t h e r  than the  weighted average, were used i n  ca l cu la t ing  
the  t o t a l  ne t  b e n e f i t s  due t o  program operat ions between 1971 and 
mid-1976. 

The year t o  year v a r i a t i o n s  i n  

TABLE 11-6. EXPECTED VALUE PER TSP REQUEST 

EXPECTED VALUE* EXPECTED VALUE* 
STRATUM FOR B(10) FOR B(4-9) 

BQ $2,400 $3,000 

NBQ $ 500 $ 500 

Weighted 
Average $ 900 $1,000 

"Rounded t o  t h e  n e a r e s t  $100. 
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The methodology used i n  t h i s  study requi red  more complex 
s t a t i s t i c a l  a n a l y s i s  than t h e  simple procedure of c a l c u l a t i n g  mean 
and standard devia t ion  f o r  t h e  71 quan t i f i ed  net  b e n e f i t s  i n  t h e  
sample. The d i f f e rence  between t h e s e  two methods i s  i l l u s t r a t e d  
by considering t h e  B(10) net  b e n e f i t  va lues .  
expected value per  TSP request w a s  estimated t o  be between $800 
and $900 based on sample s izes  f o r  a 95 percent confidence l e v e l .  
The ne t  b e n e f i t  mean f o r  B(10) values  w a s :  
dev ia t ion  (e ) equal t o  6,950 f o r  t h e  BQ sample and $800 with 
standard devia t ion  (a ) equal t o  2,250 f o r  t h e  NBQ sample. The 
95 percent confidence i n t e r v a l  around t h e  mean i s  2 1.65 W ,  so 
t h e  strata weighted average net b e n e f i t  per TSP request would be 
given as $1,200 5 1.65 0- 
This r e s u l t  conta ins  l e s s  information than  t h e  r e s u l t  above be- 
cause l a r g e  net  b e n e f i t s  estimated by a few TSP reques t e r s  c r e a t e  
a highly skewed, non-normal d i s t r i b u t i o n .  The use of normal d i s -  
t r i b u t i o n s  and s t a t i s t i c s  i s  not gene ra l ly  appropr ia te  un less  t h e  
conceptual model for a population i n d i c a t e s  some reason f o r  assum- 
ing t h a t  a c e n t r a l  tendency can be expected f o r  sample data. 

The weighted average 

$2,700 with standard 

( i  . e . ,  between -$4,100 and $6,500) .  

The expected value per TSP reques t  w a s  obtained by analyzing 
t h e  TSP reques t  sample d a t a  t o  es t imate  three d i s t r i b u t i o n s :  re -  
ques ts  i n  two strata; p r o b a b i l i t y  f o r  four app l i ca t ion  modes from a 
reques t  i n  e i t h e r  stratum; and ne t  b e n e f i t  values i n  each applica- 
t i o n  mode. 
dence i n  t h e  r e s u l t  and a s t a t i s t i c a l  model f o r  t h e  ways t h a t  tech- 
n i c a l  information genera tes  economic b e n e f i t s .  The s ign i f i cance  of 
t h i s  model for understanding, and improving, t h e  aggregate e f f e c t  
from ind iv idua l  technology u t i l i z a t i o n  a c t i v i t i e s  w i l l  be examined 
i n  t h e  r e ~ i n d e r  of t h e  r e p o r t .  

This methodology provided both a high l e v e l  of confi-  

The r e s u l t s  from t h i s  s ec t ion  are used i n  t h e  next s e c t i o n  t o  
es t imate  t o t a l  net  b e n e f i t s  from t h e  Tech Brief Program between 1971 
and mid-1976. 
i n  Section I11 t o  provide a q u a l i t a t i v e  eva lua t ion  of t h e  Program, 
The d i s t r i b u t i o n s  derived i n  t h i s  s ec t ion  a r e  f u r t h e r  analyzed i n  
Section I V  t o  i d e n t i f y  p o t e n t i a l  improvements i n  t h e  Program. 

Other d a t a  from t h e  study samples are a l s o  presented 
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SECTION 111. STUDY RESULTS 

STRATUM 
2.18 

The primary eva lua t ion  r e s u l t  f o r  t h e  Tech Brief  Program i s  
t h e  r a t i o  of u se r  n e t  b e n e f i t s  t o  NASA cos t s .  This r a t i o  w a s  s l i g h t l y  
over 1O:l f o r  t h e  t o t a l  c o s t s  and benefi- ts  t h a t  were measured according 
t o  t h e  d e f i n i t i o n s  and methodology presented i n  Sect ions I and 11. The 
der iva t ion  of t h i s  r a t i o  from t h e  r e s u l t s  i n  those  two sec t ions  i s  pre- 
sented below, toge the r  with i l l u s t r a t i v e  examples and q u a l i t a t i v e  evalu- 
a t i o n  da ta  from t h e  study. 

TOTAL 
3.34 - 3.64 

Quant i ta t ive  Resul t s  

To ta l  ne t  b e n e f i t s  were ca lcu la ted  by mult iplying t h e  number 
of TSP reques ts  i n  two bas i c  s t ra ta ,  BQ and NBQ, f o r  each year  (from 
Table 11-2) by t h e  expected ne t  bene f i t  value per  request  i n  each 
stratum (from Table 11-6). 
duced an expected value range f o r  reques ts  i n  BQ so  t h e  ne t  b e n e f i t  
t o t a l  a l s o  appears as a range. 
ca l cu la t ion  f o r  1971 through mid-1976, toge ther  with t h e  annual Tech 
Brief  Program c o s t s  (from Table 1-1) and t h e  annual benefi t - to-cost  
r a t i o s .  
same t i m e  per iod .  

The use of B(10) and B(4-9 )  values  in t ro -  

Table 111-1 shows t h e  r e s u l t s  of t h i s  

Figure 111-1 shows t h e  cumulative b e n e f i t s  and c o s t s  f o r  t h e  

Y E A R  
1976[Jan. 
June ) 
1975 
1974 
1973 
1972 
1971 

Totals 

TABLE 111-1. ESTIMATED NET BENEFITS, NASA COSTS, AND 
BENEFIT-TO-COST RATIOS FOR THE TECH BRIEF PROGRAM 

(millions of dollars) 

BQ 
STRATUM 

1.16 - 1.46 

2.67 - 3.34 
3.59 - 4.48 
2.81 - 3.51 
3.13 - 3.92 
21.51 - 26.89 

... 

T BENEFITS* 
NBQ I 

6.40 - 7.07 
8.18 - 9.07 
7.54 - 8.24 
10.15 - 10.94 
28.23 - 33.61 

NASA 
COSTS** 

. 5 1  

.82 

.88 
1.22 
1.72 
1.21 

6.36 

BENEFIT-TO-COST 
RATIO 

(LOW-HIGH RANGE) 
6.5 - 7.1 
7.8 - 8.6 
6.2 - 6.8 
9.3 - 10.3 

5.9 - 6.4 
23.3 - 27.8 

Aggregate 
Ratio = 10.0 - 11.4 

"Calculated by multiplying the number of requests in each stratum (Table 11-21 by the 
expected net benefit per request in each stratum (Table 11-61, the range in values i s  
due to the two methods for terminating net benefit streams. 

**From Table 1-1 
Note: All quantities are in 1976 dollars discounted at 10 percent to their 1976 value. 
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Figure 111-1. Cumulative N e t  Benefi ts  and NASA Costs f o r  t h e  
Tech Brief Program Operations From: 1971 t o  Mid-1976. 
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The l e v e l  of confidence i n  these  expected ne t  bene f i t  values  
i s  95 percent  based on t h e  sample sizes; however, a more s i g n i f i c a n t  
r e l i a b i l i t y  t es t  f o r  expected value is whether t h e  results are essen- 
t i a l l y  repeated by add i t iona l  samples. While t h i s  study d id  not  in- 
clude add i t iona l  samples, a f a i r l y  high degree of  s i m i l a r i t y  was 
observed f o r  d i s t r i b u t i o n s  from d i f f e r e n t  sample c e l l s  with some excep- 
t i o n s  which have a reasonable i n t e r p r e t a t i o n  ( e .g . ,  it i s  t o o  soon t o  
expect Mode 3 app l i ca t ions  from 1976 reques t s ) .  I n  add i t ion ,  qua l i t a -  
t i v e  and q u a n t i t a t i v e  data from t h e  study sample were q u i t e  s imi l a r  t o  
previous results f o r  Data Bank samples ( e .g . ,  1 0  t o  12 percent of t h e  
TSP reques ts  produce Mode 2 or  3 app l i ca t ions  and 1971 w a s  a very good 
year  i n  terms of u se fu l  t echn ica l  content i n  TSP's and number of re- 
ques ts ) .  
between sample c e l l s ,  and ex te rna l ly ,  with o ther  samples from t h e  same 
Data Bank. 

The study results, the re fo re ,  a r e  cons is ten t  i n t e r n a l l y ,  

The i n t e r p r e t a t i o n  f o r  t h e s e  quan t i t a t ive  r e s u l t s  i s  based on 
t h e  methods used t o  der ive them. NASA cos t s  were ca l cu la t ed  by multi-  
plying est imated u n i t  c o s t s  by t h e  number of u n i t s ,  so  they  represent  
a c t u a l  expenditures.  N e t  b e n e f i t s ,  on t h e  o ther  hand, were obtained. 
by c a l c u l a t i n g  t h e  s t a t i s t i c a l  expectat ion f o r  t h r e e  p robab i l i t y  d i s t r i -  
but ions est imated from random sample da t a ,  so they represent  t h e  ne t  
bene f i t s  t h a t  would be expected i f  a l l  TSP reques t e r s  were interviewed. 
Figure 111-2 i l l u s t r a t e s  t h e  p robab i l i t y  d i s t r i b u t i o n ,  over ne t  benef i t  
va lues ,  f o r  a TSP request  i n  the  BQ stratum. 

A r a t i o  of 1O:l compares favorably with r a t i o s  obtained i n  cos t  
bene f i t  s tud ie s  f o r  o ther  systems t h a t  disseminate se lec ted  s c i e n t i f i c  
and t echn ica l  information (STI) :  
1973); 3.2:l (Mason, 1972) ;  and 11.8:l (Night ingale ,  1973) .  It should 
be noted, however, t h a t  t hese  a r e  much smaller systems ( t y p i c a l l y  serv- 
ing  a few hundred people) ,  with bene f i t s  due only t o  cos t  savings i n  
STI de l ive ry  o r  awareness serv ices  ( i . e , ,  Mode 1 on ly ) .  N o  previous 
economic s tud ie s  of systems comparable t o  t h e  Tech B r i e f  Program were 
i d e n t i f i e d  during t h e  l i t e r a t u r e  review for t h i s  study. 

1:l (Mensch, 1973) ;  2 . 7 : l  (Magson, 

The comparison above i s  based on only t h e  second of t h r e e  per- 
spec t ives  (economic growth from R&D, s c i e n t i f i c  and t e c h n i c a l  information, 
and technology t r a n s f e r )  described i n  Sect ion I. 
spec t ives  r e l a t e  t o  a s i g n i f i c a n t  d i f f e rence  i n  purpose for government 
agency programs, such as Tech Br i e f s ,  t ha t  disseminate se l ec t ed  new tech- 
nology generated by t h e  agency as compared t o  most s e l e c t i v e  dissemination 
of  information (SDI) systems. The l a t t e r  systems a r e  t y p i c a l l y  used t o  
reduce t h e  c o s t  of accessing ava i l ab le  information, whereas t h e  Tech Brief 
Program funct ion  i s  t o  f a c i l i t a t e  bene f i c i a l  secondary uses f o r  t h e  tech- 
nologica l  content  of t h e  documents being disseminated. While t h e r e  i s  no 
s tandard for.comparison, t h e  program performance with respec t  t o  t h i s  
primary func t ion  appears t o  be good s ince  about one out  of t e n  TSP reques ts  
produce app l i ca t ions  f o r  t h e  technology described i n  t h e  TSP. 

The o ther  two per- 
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Illustrative Examples 

Several examples from the interview sample illustrate TSP appli- 
cations and estimates in the three nontrivial modes. The estimates are 
in 1976 dollars and have not been discounted to 1976 values. 

Mode 1 

0 A program manager f o r  a small aerospace firm used infor- 
mation from a TSP on antenna attenuators in preparing a 
contract proposal (cost estimate = $42 in 1971; benefit 
estimate based on saving two days of research = $174 in 
1971). 

0 A researcher with a heavy equipment manufacturer avoided 
R&D costs by using information from a TSP on laser energy 
in an unsuccessful research project (cost estimate = $5,600 
in 1974; benefits in 1974 estimated to exceed cost by an 
unquantified amount). 

Mode 2 

0 The maintenance engineer for a large nursing home applied 
information from a TSP describing a fire alarm inspection 
detector to improve his regular inspection process (cost 
estimate = $35 in 1976; benefit estimate = $156 per year 
starting in 1976). 

0 A research manager with a major oil company uses a bio- 
logical handbook TSP as a textbook in a program for train- 
ing engineers to analyze environmental impact of process 
wastes (cost estimate = negligible $; benefit estimate based 
on time saved each year = $1,600 in 1972, declining to $160 
in 1976 and expected to continue at this annual rate). 

0 A maintenance engineer with a large municipal wastewater 
treatment facility uses a lubrication handbook TSP to 
select equivalent, but cheaper, lubricants than those 
specified by equipment manufacturers and to reduce his 
inventory of different lubricants from 60 to 1 5  (cost 
estimate = negligible 8 ;  benefit estimate based on cost 
and time savings = $1,120 per year). 

Mode 3 

0 The R&D director for a small medical equipment manufacturer 
used a TSP that described a specialized wire welding unit 
to reduce R&D costs for developing a new production process 
and to accelerate substantially the market introduction of 
a new product (cost estimate = $3,500 in 1971; benefit esti- 
mate = R&D cost reduction of $7,500 in 1971 and a proprietary 
percent of before tax profits for annual sales since 1972). 
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The TSP applications documented in the Phase I11 Data 
Bank (see Appendix A) indicate that net benefits for both Mode 
2 and 3 can reach hundreds of thousands of dollars. For ex- 
ample, a contamination control handbook TSP was used to develop 
improved procedures recommended in the American Hospital Associ- 
ation handbook. This Mode 2 application started in the early 
1970's and the current annual cost savings are estimated to be 
$250,000 and 2,000 person-hours. The fusion welding workman- 
ship standards described in another TSP were used by a major 
civil engineering firm to develop acceptable new weld methods 
and to qualify welders for a dam project. The Mode 3 benefits 
were estimated to be $250,000 in cost savings on a $50 million 
project. Benefits of this magnitude are exceptional and would 
not be expected in a random sample of only 90 TSP requests. 

Qualitative Result s 

The primary data collection objective was economic data, 
but the qualitative data also provide useful indicators about 
program performance. Figure 111-3 presents data from the inter- 
view sample for transfer variables such as stage and importance. 
The interviewees were also asked about their assessment of the 
Tech Brief Program as a whole and how they ranked the program 
as an external source of information. Figure 111-4 shows the 
general assessment. In particular, a significant portion of 
the sample stated that TSP's provide information that is not 
generally available elsewhere or that helps reduce uncertainty 
in making decisions. These two responses were usually associ- 
ated with Mode 2 and 3 benefits. They indicate a very deliber- 
ate approach to information acquisition, in contrast to a more 
or less random activity that identifies technical opportunities 
almost accident ally. 

Another TRIS study is currently analyzing the TSP request 
patterns for multiple requesters--those individuals who have 
ordered dozens, or even hundreds, of TSP's over the years. The 
preliminary results indicate that a number of individuals rou- 
tinely use the Tech Brief Program as a channel for acquiring 
NASA technology which is then redistributed within their organi- 
zation. In large corporations, for example, the redistribution 
may be accomplished by entering selected Tech Briefs into the 
formal, internal dissemination systems such as newsletters or 
computerized STI systems. In small corporations (and small 
working groups in larger organizations) the TSP requester often 
maintains his own filing system for Tech Briefs and TSP's. When 
a technological need develops, he may assist fellow employees 
by locating useful technology in his own information system. 
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Application 

STI 

1 
1(26)  

1 1 I I 1 I I 1 1 

*Process 

*R&D 

Product 

Other 

None 

Transfer Stage 

Awareness 

*Evaluation 

Prototype Testing 

*Routine Use 

(missing = 19) 

Importance 

Insignificant (0-5% I l l (  3 0 )  

*Moderate (5-14%) 

*Significant (15-49%) 

Critical (50% +) p 3 )  

None 

(Number) 

Figure 111-3. Application, Transfer Stage 
and Importance for TSP Requests 

in Interview Sample. 

*Most likely categories for Mode 2 or 3 benefits. 
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I Program As Information Source 

I 17 

- I I I 1 1 - 

Minor 

Sometimes Useful 

*Often Helpful 

*Regularly Used 

30 

STI Content of TSP's 
(in general) 

General Interest Only 

Current Awareness for 
Aerospace STI 

*Useful Technology not  
Readily Accessible 
Elsewhere 

*Helpful for Reducing 
Uncertainties and 
Making Decisions 

I 24 

I10 

F i g u r e  111-4. 
by 

Tech B r i e f  Program Assessment 
I n t e r v i e w  Sample. 

*Most l i k e l y  c a t e g o r i e s  f o r  Mode 2 o r  3 b e n e f i t s .  
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The average time spent  by t h e  in te rv iew sample i n  acqui r ing  
t echn ica l  information f rom.outs ide  sources w a s  22 hours per  month, 
wi th  a range from 0 t o  80 hours.  
8 percent  of i t s  outs ide  information from TSP's, with a range from 
0 t o  51 percent .  

The sample acquired,  on t h e  average, 

The r e s u l t s  of a TUO-funded, 1967 D R I  s tudy on technology 
a c q u i s i t i o n  channels ind ica ted  a somewhat lower r e l a t i v e  r a t i n g  f o r  
a l l  government pub l i ca t ions ,  inc luding  Tech Briefs ,  than t h e  r a t i n g  
by t h e  cu r ren t  s tudy sample. 
of i nd iv idua l s  i n  fou r  i n d u s t r i a l  c l a s s i f i c a t i o n s ,  r a t h e r  than t h e  
Tech B r i e f  mai l ing l i s t .  The average t i m e  spent i n  acqui r ing  in- 
formation w a s  i n  t h e  range of 34 t o  47 hours per  month (Gilmore, 
e t  a l . ,  1967). 
suggest t h a t  t h e  Tech Brief mai l ing l i s t  populat ion:  
spend less  t ime acqui r ing  information (poss ib ly  because t h e  indi-  
v idua l s  are more involved i n  processes  and less involved i n  prod- 
uc t  development o r  R&D than t h e  1967 study sample);  and ( 2 )  r a t e s  
t h e  Tech Br ie f  Program higher  as a source of information than t h e  
genera l  populat ion of i n d u s t r i a l  t echnologis t s  does. 

The 1967 r e s u l t s  were baszd on samples 

The d i f f e rences  between t h e  two study r e s u l t s  
(1) may 

One of t h e  recommendations from t h e  1967 Channels Study 
w a s  t o  i n c r e a s e ,  i f  poss ib l e ,  t h e  r e d i s t r i b u t i o n  of Tech B r i e f s  
through a c q u i s i t i o n  channels o r d i n a r i l y  used by t echno log i s t s .  
There are two ind ica t ions  t h a t  t h i s  has happened t o  some ex ten t .  
The Tech B r i e f  mai l ing l i s t  now conta ins  s l i g h t l y  more than 1,000 
known r e d i s t r i b u t o r s ,  of which about 30 percent are media such as 
t r a d e  or pro fes s iona l  pub l i ca t ions ,  and an unknown number of t he  
informal  r e d i s t r i b u t o r s  descr ibed ear l ier  as mul t ip l e  r eques t e r s .  
TaSle A-8 i n  Appendix A shows t h a t  t h e  source of awareness f o r  
TSP reques t s  w a s  43 percent  due t o  Tech Briefs d i r e c t l y  and 29 
percent  due t o  t r a d e  o r  p ro fes s iona l  publ ica t ions .  

C onclus  ions  

The Tech Br ie f  Program c l e a r l y  provides an e f f e c t i v e  
de l ive ry  mechanism f o r  s e l ec t ed  NASA technology. The combination 
of a r e l a t i v e l y  low cos t  t o  the  Agency, a l a r g e  group of p o t e n t i a l  
u s e r s ,  and modest ne t  b e n e f i t s  per  t r ansac t ion  c r e a t e s  a very good 
economic r e t u r n  f o r  t he  publ ic  investment. The s tudy results imply 
t h a t  a document de l ive ry  system i s  probably t h e  most cos t  e f f e c t i v e  
way t o  t r a n s f e r  some, bu t  not  a l l ,  of NASA's technologica l  advances. 
I n  r ecen t  yea r s ,  s i m i l a r  systems have a l s o  been i n i t i a t e d  by 
agencies  such as the  Bureau of Mines, t h e  Energy R&D Adminis t ra t ion,  
and t h e  t h r e e  Armed S a v i c e .  
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Improved processes ,  s e rv i ces ,  or products are developed 
from t h e  TSP information f o r  almost 11 percent  of a l l  r eques t s ,  
and t h e  expected ne t  benefi t  from a Mode 2 app l i ca t ion  i s  approxi- 
mately $5,000. New processes ,  s e rv i ces ,  or products are much less 
common, about 1 percent  of  a l l  TSP reques t s ,  and t h e  expected ne t  
bene f i t  from a Mode 3 app l i ca t ion  i s  over $22,000. The l a r g e s t  
cont r ibu t ing  f a c t o r  t o  ne t  b e n e f i t s  from t h e  Program i s  Mode 2 
app l i ca t ions .  They occur r e l a t i v e l y  o f t e n  with modest economic 
b e n e f i t s  from t h e  TSP information conten t ,  so  t h e  aggregate eco- 
nomic r e su l t s  are far more important than  Mode 3 app l i ca t ions ,  
p a r t i c u l a r l y  new products.  Successful  e f f o r t s  t o  develop new 
products from TSP's have occurred bu t  they  a r e  exceptions.  More 
t y p i c a l l y ,  such at tempts  l ead  t o  a ne t  l o s s  for t h e  TSP reques t e r .  
Even f o r  successfu l  Mode 3 app l i ca t ions ,  t h e  TSP information i s  
usua l ly  a minor t echn ica l  input  (about 5 percent )  t o  t h e  new 
economic a c t i v i t y .  

These r e s u l t s  i n d i c a t e  t h a t  p a t t e r n s  of successfu l  tech- 
nology t r a n s f e r  through t h e  Tech Brief  Program might be iden t i -  
f i e d  by using t h e  s t a t i s t i c a l  d i s t r i b u t i o n s  developed w i t h  t h e  
study methodology. T h e  next s ec t ion  w i l l  descr ibe  p o t e n t i a l  
uses fo r  such s t a t i s t i c s  i n  managing t h e  Program toge ther  with 
p o t e n t i a l  app l i ca t ions  f o r  a similar CBE methodology i n  o ther  
TU0 Programs. 
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) 
SECTION IV. OBSERVATIONS AND RECOMMENDATIONS 

The second ob jec t ive  i n  conducting t h i s  study w a s  t o  develop 
a p r a c t i c a l  CBE methodology t h a t  could be used t o  improve t h e  Tech 
Brief Program and t o  eva lua te  o the r  TU0 Programs. The r e s u l t s  in -  
d i c a t e  t h a t  t h e  study methodology can s a t i s f y  t h i s  ob jec t ive  f o r  
r e l a t i v e l y  low evaluat ion cos t s .  I n  t h i s  regard ,  t h e  guide l ines  
suggested f o r  eva lua t ion  management by the  Off ice  of Management and 
Budget a r e  a l s o  s a t i s f i e d ,  s ince  t h e  evaluat ion results were der ived 
in  a form t h a t  can be r e a d i l y  used by TU0 management i n  making 
dec is ions  about Program changes and measuring the  e f f e c t  of those  
dec is ions  (Morrison, 1975). This sec t ion  f i r s t  p re sen t s  observat ions 
about t r a n s f e r  mechanism se l ec t ion  and TSP p r i c ing ,  and then makes 
seve ra l  recommendations concerning: (1) Tech B r i e f  Program improve- 
ments; ( 2 )  o ther  app l i ca t ions  f o r  t he  same s t a t i s t i c a l  methodology; 
and (3)  f u r t h e r  development of a s t a t i s t i c a l  model. 

Observations 

Performance meas-ues, such as t r a n s f e r  e f f ec t iveness  or 
b e n e f i t s , , f o r  a technology t r a n s f e r  program genera l ly  have l a r g e  
v a r i a t i o n s  over t h e  many poss ib le  combinations of program parameters 
( e . g . ,  technology types ,  t r a n s f e r  mechanisms, and p o t e n t i a l  user  
groups) .  S t a t i s t i c a l  r e s u l t s  from t h i s  study i n d i c a t e  t h a t  t h e  
combinations with t h e  bes t  performance might be i d e n t i f i e d  t o  provide 
success c h a r a c t e r i s t i c s  f o r  use i n  managing t h e  program t o  improve 
performance. This information could be used t o  address  TU0 manage- 
ment quest ions such as how t o  s e l e c t  t he  most e f f e c t i v e  t r a n s f e r  
mechanism f o r  d i f f e r e n t  types of technology and whether t o  charge 
r e c i p i e n t s  f o r  t h e  se rv ices  or documents. 

It should be noted, however, t h a t  only one performance 
measure should be se l ec t ed  f o r  t h i s  purpose. If the  benefi t - to-  
cos t  r a t i o  were se l ec t ed  as the primary measure f o r  the  Tech B r i e f  
Program, t h i s  would imply t h a t  economic growth i s  t h e  main ob- 
j e c t i v e  f o r  t h i s  disseminat ion a c t i v i t y .  Program changes d i r e c t e d  
toward increas ing  o the r  performance measures ( e . g . ,  widest  
poss ib l e  disseminat ion or cos t  recovery)  might i n t e r f e r e  with the  
benefi t - to-cost  performance, so  the  s e l e c t i o n  of a performance 
measure i s  a bas ic  po l i cy  quest ion f o r  TU0 management. The im- 
portance of t h i s  po l i cy  i s s u e  i s  i l l u s t r a t e d  i n  t h e  context  of 
two Program management quest ions mentioned above: s e l e c t i o n  of t h e  
appropr ia te  t r a n s f e r  mechanism and p r i c ing .  

Transfer  mechanism se l ec t ion .  The CBE study r e s u l t s  agree 
w i t h  previous TRIS research  results regarding t h e  types  of tech- 
nology which do, and do no t ,  tend t o  generate  b e n e f i t s  through 
t h e  Tech B r i e f  t r a n s f e r  mechanism. For example, t h e  Program appears 
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t o  be most e f f e c t i v e  f o r  te 'chnical information t h a t  helps t h e  re- 
c i p i e n t  decide how t o  solve a problem wi th  e x i s t i n g  technologica l  
op t ions ,  r a t h e r  than  information about a new t echn ica l  op t ion  
( i . e . ,  information t h a t  reduces t h e  unce r t a in ty  f o r  a t e c h n i c a l  
dec is ion ,  r a t h e r  than  information t h a t  i nc reases  the  choices even 
though t h e  new opt ion  may r ep resen t  an improvement). 
p resents  one important way t o  c l a s s i f y  t h e  t echn ica l  content f o r  
new technology so  that t h e  most e f f e c t i v e  t r a n s f e r  mechanism could 
be se lec t6d  f o r  a c l a s s  of technology. 

This re- 

T h i s  c l a s s i f i c a t i o n  method i s  a l s o  r e l a t e d  t o  a c l a s s i f i c a -  
t i o n  of NASA R&D a c t i v i t i e s  i n t o  bas i c  research ,  appl ied  r e sea rch ,  
and mission-oriented development ob jec t ives  ( A u l t  , 1976). The Tech 
Brief Program appears t o  be much more e f f e c t i v e  f o r  new technology 
from developmental a c t i v i t y  ( i . e . ,  "how toll technology) t h a t  compiles 
a v a i l a b l e  information i n  order  t o  he lp  decide among opt ions  f o r  
ope ra t iona l  systems. This i n d i c a t e s  a need t o  s e l e c t  appropr ia te  
technology f o r  t h e  Tech Brief t r a n s f e r  mechanism and t o  be ab le  t o  
spec i fy  o the r  t r a n s f e r  mechanisms when t h e  Tech Brief i s  not appropri- 
a t e  i n  terms of c o s t s  and expected b e n e f i t s .  
t o  specify appropr ia te  TU0 t r a n s f e r  mechanisms f o r  new technology 
from each type of R&D a c t i v i t y  but t h e  e x i s t i n g  mechanisms probably 
do not now provide enough f l e x i b i l i t y  f o r  t h e  f u l l  range of NASA 
a c t i v i t y  o r  new technology types.  

It may become poss ib l e  

P r i c inq .  The i s s u e  of charging r e c i p i e n t s  f o r  TSP's o r  
Tech Br i e f s  can be addressed i n  a new context by using c o s t s  and 
net  b e n e f i t s  f o r  t h e  program--How much U . S .  t a x  revenue i s  gener- 
a t ed  by t h e  Program expenditures and would t h i s  r e t u r n  on t h e  pub- 
l i c  investment be adverse ly  a f f e c t e d  by a pol icy  of immediate cos t  
recovery through p r i c ing?  Although t h e  study samples were not 
s p e c i f i c a l l y  designed t o  answer t h i s  ques t ion ,  t h e  NASA cos t  and 
net  b e n e f i t  data i n d i c a t e  t h a t  t h e  c o s t s  a r e  more than  recovered 
i n  corporate t a x  revenues alone. The r a t i o  of estimated Federal  
t a x  revenues, shown i n  Table I V - 1 ,  t o  NASA c o s t s  i s  probably 
between 1 . 3  and 2.2. 

The e f f e c t  of p r i c i n g  on TSP reques ts  i s  ind ica t ed  by 
D R I  data from 1969 when TSP's were so ld  f o r  $3 each by t h e  
Federal  Clearinghouse f o r  S c i e n t i f i c  and Technical Information 
(now t h e  National Technical Information Se rv ice ) .  
t h e  monthly TSP reques t s  i n  1969 were 600 fewer than  t h e  com- 
parable  months i n  1968 and t h e  percentage of r eques t s  by s m a l l  
f i rms  decreased. The l a t t e r  e f f e c t  appeared t o  be due t o  t h e  
purchasing process requi red  f o r  t h e  t r a n s a c t i o n  (Freeman, 1969) .  
Another e f f e c t ,  apparent ly  r e l a t e d  t o  t h e  procurement process ,  
w a s  a major increase  i n  t h e  propor t ion  of TSP request,s by 
l i b r a r i a n s ,  whose TSP s e l e c t i o n s  were more o r i en ted  toward 

A s  a r e s u l t ,  
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reference materials when compared t o  TSP s e l e c t i o n s  by tech-  
n i c a l  personnel.  
i n  the types  of technology requested,  i n d i c a t e  t h a t  t h e  in- 
t roduct ion 'of  a fee f o r  all TSP's would probably decrease t he  
proport ion of Mode 2 and 3 app l i ca t ions  ( i . e .  , t h e  technology 
t r a n s f e r  a c t i v i t y ) .  This ,  i n  t u r n ,  would decrease both t h e  
benefi t - to-cost  r a t i o  and t h e  t a x  revenues from corpora te  
b e n e f i t s .  The expected b e n e f i t s ,  i n  t h e  aggregate ,  a r e  prob- 
ab ly  not a good i n d i c a t o r  of each r e q u e s t e r ' s  wi l l ingness  t o  
pay because he/she i s  very uncer ta in  concerning t h e i r  individ-  
u a l  b e n e f i t s .  The process f o r  purchasing government publica- 
t i o n s ,  rather than  t h e  p r i c e  charged, appears t o  have a s ig-  
n i f i c a n t  e f f e c t  on TSP tran*sact ions and t h i s  e f f e c t  may a l s o  
occur i f  a charge were introduced f o r  Tech Br i e f s .  

These r e s u l t s ,  t oge the r  with severa l  changes 

TABLE IV-1. FEDERAL TAXES FROM NET BENEFITS 
FOR MANUFACTURING CORPOFUTIONS* 

( i n  t houeands of do l l a r s  ) 

Mode 2 Mode 3 Taxable Tax Federal - Cases Cases Benefits Rate** 

(Net Benefit per Case ) ( $4.9-5.0) ( $22.6-31.1 ) 
Benefit Type: 

Mfg. Cost Saving 4,652 363 $31,000-34,500 15-256 $4,650-8,650 
Mfg. P ro f i t  Increase 0 3 62 8 ,200-11,250 456 $3,700-5,050 
Non-Mfg . Lzi - 

Totals $7,975 $725 $39,200-45,750 $8,350-13,700 

- c - 0 

NASA Cost: 
"Current value of t a x  revenues based on discounted net benefi ts  

**Estimated from 1974 Corporation Income Tax Returns, Internal  
Revenue Service Publication 159 (1-77). 
which have a s ignif icant  representation i n  t h e  Data Bank, t h e  
t a x  r a t e  i s  46 2 1 percent of net income subject t o  normal 
t a x  and 20 2 5 percent of operating cost  savings. The l a t t e r  
rate i s  due t o  the coeff ic ient  fo r  C / I  i n  t h e  equation T/I = 
.159 R / I  - .193 C / I  where: T = normal taxes paid; I = net 
income subject t o  normal tax;  R = t o t a l  receipts ;  and C = 
cost of s a l e s  and operations. The correlat ion coeff ic ient  
for  R / I  ana C / I  i s  .995. 

For t h e  SIC groups 

$6,364 

R ec ommendat ions  

Three d i f f e r e n t  types  of recommendations can be made based 
on t h e  s t a t i s t i c a l  analyses  i n  t h i s  study. They r e l a t e  t o  improve- 
ments i n  t h e  Tech Brief  Program, o the r  app l i ca t ions  of t h e  same 
methodology, and f u r t h e r  development of a s t a t i s t i c a l  model f o r  
how economic b e n e f i t s  a r e  obtained from technology. 
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Program improvements. This s tudy provides a base l ine  t h a t  
should be updated annual ly  t o  eva lua te  program changes i n  t h e  pre- 
vious yea r ,  and t o  provide a feedback loop which i s  c r i t i c a l  t o  t h e  
improvement process .  
t h e  new jou rna l  format,  NASA Tech Briefs ,  i n  1976 should be analyzed 
by t h e  same method t o  compare t h e  increased  c o s t s  with ne t  b e n e f i t s  
f o r  t h e  new format. 
of experienced TSP reques t e r s ,  could a l s o  provide valuable  informa- 
t i o n  and i n s i g h t s  from t h e  u s e r ' s  po in t  of view. 

I n  1977, f o r  example, t h e  e f f e c t  of introducing 

A P r o g r m  Advisory Committee, mainly composed 

Opportuni t ies  f o r  decreasing program c o s t s  are  r e a d i l y  iden- 
t i f i e d  i n  t h e  study results.  F igure  I V - 1  shows t h e  d i s t r i b u t i o n  of 
TSP's according t o  reques t  frequency. If those  TSP's which r ece ive  
fewer than f i v e  r eques t s  could be p red ic t ed  with some degree of relia- 
b i l i t y  during t h e  screening process ,  t h e i r  production c o s t s  could be 
avoided with l i t t l e  change i n  b e n e f i t s .  
genera l ly  have a low p r o b a b i l i t y  of increas ing  t h e  expected n e t  bene- 
f i t  pe r  TSP reques t .  
t h e  technology i n  t h e s e  TSP's. Cross t a b u l a t i o n s  of interview sample 
data f o r  app l i ca t ion  modes and technology v a r i a b l e s  ( e . g . ,  subject  
area and f i e l d  c e n t e r )  i n d i c a t e  the f e a s i b i l i t y  of developing a 
technology c l a s s i f i c a t i o n  scheme t h a t  c o r r e l a t e s  with app l i ca t ion  
modes. Such a c l a s s i f i c a t i o n  might be used i n  t h e  screening pro- 
ces s  t o  reduce t h e  number of TSP's with few reques ts .  

TSP's with f e w  r eques t s  

Other t r a n s f e r  mechanisms could be spec i f i ed  fo r  

Several  oppor tun i t i e s  f o r  increas ing  t h e  proport ion of re- 
ques te rs  i n  Modes 2 and 3 can a l s o  be i d e n t i f i e d .  One such oppor- 
t u n i t y  i s  ind ica t ed  by t h e  f a c t  t h a t  r e l a t i v e l y  f e w  TSP reques t s  
are coming from s m a l l  and medium s i z e  manufacturing f i r m s  ( s e e  
Figure A-7). 
manufacturing f i r m s .  An ana lys i s  of t h e  Data Bank could be used 
t o  i d e n t i f y  t h e  combinations of technology, a p p l i c a t i o n  and in-  
d u s t r i a l  v a r i a b l e s  most o f t en  a s soc ia t ed  with Mode 2 and 3 b e n e f i t s .  
This information could then be used i n  designing a market package 
t o  promote wide use of s e l e c t e d  TSP's by s m a l l  f i r m s ,  f o r  example. 
The economic e f f e c t  of t h i s  e f f o r t  could be measured and, i f  nec- 
e s sa ry ,  used t o  redesign t h e  marketing approach. The advantages 
of fe red  by t h i s  approach a r e :  low add i t iona l  c o s t ;  s u b s t a n t i a l  
increase  i n  p o t e n t i a l  user  populat ion;  and expected b e n e f i t s  per  
user  of approximately t h e  same magnitudes as found i n  t h e  cu r ren t  
da t a  f o r  Modes 2 and 3. 

These f i r m s  c o n s t i t u t e  a l a r g e  major i ty  of t h e  t o t a l  

Another opportuni ty  i s  based i n  p a r t  on t h e  Comparative 
Channels Study, repor ted  i n  t h e  1975 TRIS Annual Report ,  which 
inves t iga t ed  t h e  a d d i t i o n a l  t r a n s f e r  a c t i v i t y  f o r  a TSP t h a t  w a s  
reproduced and d i s t r i b u t e d  by a p ro fes s iona l  soc ie ty .  A system- 
a t i c  approach may be poss ib le  f o r  i den t i fy ing  TSP's which might 
be republ ished by p ro fes s iona l  s o c i e t i e s  and d i s t r i b u t e d  t o  a 
new (and more s p e c i f i c a l l y  r e l e v a n t )  audience. The p o t e n t i a l  
e f f e c t  on ne t  b e n e f i t  i s  similar t o  t h e  previous opportuni ty .  
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Figure IV-1. Distribution of All Tech Briefs for 
1968-1975 by TSP Request Frequency. 

Other CBE applications. This statistical methodology for 
cost benefit evaluation was designed to have general applicability, 
with the availability of program data being a primary consideration 
with regard to other applications. The estimated data availability 
for all TU0 Program elements is outlined in Table IV-2. A large 
number of TSP requests (over 250,000) from SBA Publications and TU 
Compilations will be added to the TRIS Data Bank in 1977. These 
requests should be sampled and analyzed to determine the expected 
net benefit value per TSP request through these mechanisms. 
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TABLE IV-2. DATA AVAILABILITY FOR TU0 PROGRAMS 

IAC'S 

COSMIC 

AT, AE; Projects 

Publications : 
Tech Briefs 

TU Compilations 

Special Publications 

TU Conferences 

1. Very little data 

2. Data exist but are not ready for analysis 

3. Data exist and are ready for analysis 

The study methodology appears to be applicable, with minor 
outside assistance, by the current staff at COSMIC and several 
Industrial Application Centers. 
it should soon be possible to characterize the expected net benefits 
and the types of technology best suited for each transfer mechanism. 
A unit of analysis--comparable to a TSP transaction for the TU0 
Publications Program--would have to be defined for each mechanism 
in order to apply the methodology. 
base would facilitate the selection of transfer strategies that 
coordinate the best features of each mechanism and support the TU 
Program objective of "widest possible dissemination and utilization." 

If this effort was implemented, 

The resulting common quantitative 
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I n  add i t ion  t o  t h e  formal t r a n s f e r  programs operated by NASA, 
t h e r e  are seven o t h e r  transfer modes (see Table 1-3). It should be 
poss ib l e  t o  de f ine  a u n i t  of a n a l y s i s  f o r  each mode and design a 
sampling procedure so t h a t  d a t a  could be c o l l e c t e d  and analyzed by 
t h e  same methodology. Thus, it i s  t h e o r e t i c a l l y  poss ib l e  t o  measure 
t h e  n e t  b e n e f i t s  expected f o r  any u n i t  of technology flow from t h e  
Agency. 
u n i t s ,  would provide an  estimate of ne t  b e n e f i t s  for a t r a n s f e r  
mode, The c o s t  of ob ta in ing  t h i s  estimate, however, might vary 
s u b s t a n t i a l l y  f o r  t h e  d i f f e r e n t  t r a n s f e r  modes, and may indeed be 
p roh ib i t i ve  i n  some areas. 

This  resul t ,  t oge the r  with an estimate of t h e  number of 

S t a t i s t i c a l  model. The s t a t i s t i c a l  r e s u l t s  of t h i s  study 
appear t o  provide t h e  b a s i s  f o r  a model of how economic b e n e f i t s  
are achieved from t e c h n i c a l  information generated by f e d e r a l l y  
funded R&D. The economic increments are modest but t h e  aggregate  
e f f e c t  appears  t o  be a very good investment. 
probably be improved through a s t a t i s t i c a l  model. 
oppor tun i t i e s  ou t l i ned  above ( e .g . ,  a technology c l a s s i f i c a t i o n  
method r e l a t e d  t o  expected b e n e f i t s )  would con t r ibu te  t o  t h e  de- 

, velopment of such a model. A systematic program of random 
sampling and a n a l y s i s  i s  recommended t o  develop seve ra l  key 
f a c t o r s  which are ind ica t ed  by t h e  following hypotheses : 

This  e f f e c t  can 
Some of t h e  

0 Mode 1 may be b e t t e r  represented by two exponent ia l  
d i s t r i b u t i o n s  which cha rac t e r i ze  unmanaged informa- 
t i o n  a c q u i s i t i o n  processes ,  whereas a normal dis-  
t r i b u t i o n  may cha rac t e r i ze  t h i s  process  when t h e  r i s k  
( i . e .  , unce r t a in ty )  i s  managed. 

0 Modes 2 and 3 a r e  represented  by lognormal d i s t r i -  
bu t ions  which are probably due t o  t h e  mul t ip l i ca t ion  
of production f a c t o r s ;  only one f a c t o r  i s  a f f e c t e d  
when the  app l i ca t ion  i s  not i n s t i t u t i o n a l i z e d  
( i . e . ,  it a f f e c t s  only one i n d i v i d u a l ' s  t i m e )  and 
t h e  submode d i s t r i b u t i o n  f o r  such app l i ca t ions  i s  
normal. 

0 The r a t e  of dec l in ing  technologica l  u t i l i t y  i s  mainly 
determined by t h e  r a t e  of technologica l  change i n  
s e c t o r s  re la ted t o  t h e  app l i ca t ion  f o r  i n s t i t u t i o n -  
a l i z e d  Mode 2 and 3 cases ,  but f o r  ind iv idua l  Mode 
2 cases  t h e  ra te  of t e c h n i c a l  personnel turnover  
i s  more appropr ia te .  

0 The time evolu t ion  from a TSP reques t  t o  t h e  f i n a l  
app l i ca t ion  i s  a s t o c h a s t i c  process  t h a t  depends 
pr imar i ly  on t h e  technology , and organiza t iona l  
v a r i a b l e s  such as t h e  Standard I n d u s t r i a l  C la s s i f i ca -  
t i o n  group; ne t  b e n e f i t s  appear t o  be p red ic t ab le  
wi th  a reasonable  r e l i a b i l i t y  from t h e s e  va r i ab le s .  
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The s tudy methodology and da ta  revealed a su rp r i s ing  regu- 
l a r i t y  t h a t  suggests  an underlying r a t i o n a l  process , i n  t h e  aggregate , 
f o r  t h e  acqu i s t ion ,  app l i ca t ion  and b e n e f i t s  of new technology. This 
process and i t s  economic r e s u l t s  are apparent ly  amenable t o  sampling 
and measurement a t  t h e  micro l e v e l  of economic growth. The present  
c a p a b i l i t y  t o  do so ,  as ind ica t ed  i n  the  study r e s u l t s ,  appears t o  be 
s u f f i c i e n t  f o r  s i g n i f i c a n t  p r a c t i c a l  app l i ca t ions  i n  TU0 Programs. 
Further  development of t h i s  c a p a b i l i t y  o f f e r s  even g rea t e r  p o t e n t i a l  
f o r  programmatic app l i ca t ions .  
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APPENDIX A .  TECHNICAL SUPPORT PACKAGE REQUEST DATA 

A primary continuing t a s k  f o r  t h e  TRIS P ro jec t  i s  t h e  main- 
tenance of a three-phase Data Bank t o  monitor and eva lua te  NASA's 
Tech B r i e f  Program ( s e e  Figure 11-2 i n  Section 11). 
TSP r e q u e s t s ,  generated d i r e c t l y  o r  i n d i r e c t l y  by Tech Briefs, have 
been en tered  s ince  1968. These data r ep resen t  only a po r t ion  of t h e  
t o t a l  TSP reques t s  generated by t h e  Agency's TU0 Pub l i ca t ions  Program. 
The fou r  subsections i n  t h i s  Appendix provide aggregate data f o r  t h e  
t o t a l  r eques t s  and each phase of t h e  Data Bank .  

About 120,000 

Tota l  Requests 

Af t e r  new technology has been r epor t ed ,  it i s  screened and 
evaluated by TU0 t o  i d e n t i f y  those  innovations which appear t o  have 
u t i l i t y  f o r  o the r  a p p l i c a t i o n s  ( s e e  Figure 1-1 i n  Section I ) .  
mentation f o r  t h e s e  innovations becomes t h e  technology resource  
t h a t  i s  announced through b r i e f  desc r ip t ions  prepared by TU0 and 
o t h e r s ,  p a r t i c u l a r l y  t h e  Small Business Administration and t r a d e  
jou rna l s .  Figure A-1 shows t h e  annual TSP reques t s  due t o  t h r e e  
announcement mechanisms: Tech B r i e f s ;  Technology U t i l i z a t i o n  (TU) 
Compilations; and SBA pub l i ca t ions .  The Compilations and SBA 
pub l i ca t ions  have generated approximately 25O,OOO TSP reques t s  
which a r e  not c u r r e n t l y  i n  t h e  Data Bank. S t a t i s t i c a l  sampling 
i n  1974 i nd ica t ed  t h a t  t h e  app l i ca t ions  and b e n e f i t s  f o r  t h e s e  TSP 
reques t s  are gene ra l ly  similar t o  Tech B r i e f - i n i t i a t e d  r eques t s  
(S ta sk in ,  e t  a l .  , 1974). 

Docu- 

The annual Tech B r i e f  production and s ize  of t h e  Tech Br ie f  
mai l ing l i s t  are shown i n  Figures A-2 and 3. Two s i g n i f i c a n t  groups 
of technology r e c i p i e n t s  through t h i s  announcement mechanism are not 
represented  i n  the D a t a  Bank: (1) those  who reques t  TSP's from the  
National Technical Information Serv ice  (NTIS) or NASA's Computer 
Software Management Information Center ( C O S M I C )  and ( 2 )  a l l  r e c i p i e n t s  
of Tech B r i e f s  which completely descr ibe  an innovation and no TSP 
i s  requi red .  Between 7 and 1 5  percent of a l l  Tech B r i e f - i n i t i a t e d  
TSP reques t s  a r e  handled by NTIS or COSMIC; data f o r  t hese  t r ans -  
a c t i o n s  are not forwarded t o  TRIS f o r  i nc lus ion  i n  t h e  Data Bank. 
Approximately 17 percent  of the Tech B r i e f s  do not have TSP's and 
t h e  mail ing l i s t  has never been sampled t o  es t imate  t h e  probable  
b e n e f i t s  due t o  t h e s e  one-way t r a n s a c t i o n s .  
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loo t I I  

(Jan. -June ) 

Figure A-1. Annual Number of TSP Requests by 
Mechanism: Tech Br ie fs ,  SBA Publ ica t ions  

and TU Complications. 
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Figure A-2. Tech Brief Production by Year. 

Figure A-3. TSP Mailing List by Year. 

Note: Tech B r i e f  mai l ing l i s t  w a s  cu l l ed  i n  mid-1975. 
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Phase I Data Bank 

All TSP reques t  da t a  received by TRIS are coded and en tered  
In add i t ion  t o  aesigning a unique C 8 8 0  on standard computer tapes. 

number f o r  each TSP t r a n s a c t i o n ,  t h e  following data are coded: 

e Technology v a r i a b l e s  (TSP re ference  number, t e c h n i c a l  
subjec t  area and NASA F i e l d  Center source) ;  

0 Requester va r i ab le s  (organiza t ion  name, s i z e ,  l o c a t i o n ,  
and two-digit Standard I n d u s t r i a l  C l a s s i f i c a t i o n  Code); and 

0 Time va r i ab le s  (da t e  of r eques t ,  Data Bank en t ry ,  and 
six-month quest ionnaire  follow-up). 

Figure A-4 shows t h e  number of TSP reques ts  en tered  f o r  each 
year s ince  1968. 
Br i e f s  f o r  d i f f e r e n t  TSP request  f requencies  and Table A-1 l i s t s  
the  50 most f r equen t ly  requested TSP's. 
t h e  d i s t r i b u t i o n  of Phase I reques t s  by t h e  TSP t e c h n i c a l  sub jec t  
a r ea  and by t h e  l o c a t i o n ,  SIC code and s ize  of t h e  reques t ing  
organization. 

Figure A-5 shows t h e  annual percentages of Tech 

Figures A-6 and 7 show 
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TABLE A-1. FLFTY MOST REQUESTm TECHNICAL SUPmRT PACKAGES 

TECH BRIEF NO. TITLE AND FIELD CENTER NO. OF REQUESTS 

73-10156 

67-10200 

70-10520 

75-10189 

68-10392 

69-10705 

68-10069 

7310322 

67-10197 

73-10062 

72-10373 
67-10440 

73-10448 

72-10456 

70-10715 

72-10114 

68-10017 
71-10149 

70-10255 

65-10156 

69-10725 

7 3-1039 7 
68-10073 

72-1049h 

68-10224 

70-10543 

72-10527 

67-10568 

68-10397 

68-10391 

7610280 

74-10249 

67-10348 

64-10171 

66-10057 

70-10483 

67-10005 

68-10095 

70-10638 

68-10385 

68-10358 

67-10510 

71-10256 

73-10396 

71-10194 

71-10198 

74-10016 

70-10511 

67-103hO 

A P r a c t i c a l  Solar Energy Heating and Cooling System (MSFC) 2350 

Workmanship Standards f o r  Fusion Welding (SNFQ) 1614 
Nondestructive Spot Tes ts  Allow Rapid I d e n t i f i c a t i o n o f M e t a l s  (LARC)1342 

Comparative Performances of 2 3  %.pes of F l a t  P l a t e  Solar Energy 

Contamination Control Handbook (MSFC) 

Fr inc ip les  of Optical-Data Processing Techniques (GSFC) 

Handbook Explaining t h e  Fundamentals of Nuclear and Atomic 
Ehysics (SNm) 

Charac ter i s t ics  of Fortran (LI IRC)  

New C l a s s  of T h e m s e t t i n g  P l a s t i c s  has Improved s t rength  and 
Chemical S t a b i l i t y  (LARC) 

Lubrication Handbook (MSFC) 

Mater ia l s  Data Handbooks on Aluminum Alloys (MSFC) 

Flu id  Proper t ies  Handbook (MmC) 

Motivation Techniques f o r  Supervision (JSC) 

Radiation Imduced Nickel Deposits (LERC) 

S t r a i n  Gage I n s t a l l a t i o n  Manual (MSFC) 

High Speed, Self-Acting, Face-Control Shaft Seal Has Low Leakage 
and very L w  Wear (mc) 
Regulated DC-to-DC Converter Features Low Power Drain 

Inexpensive Anti-Fog Coating f o r  Windows (JSC) 

Biological Handbook f o r  Engineers (MSFC) 

Inorganic Paint i s  Durable, F i reproof ,  E86y t o  Apply (GSFC) 

A System for  Early Warning Of Bearing Fai lure  (MSFC) 

Pocket-Sized Tone-Modulated FM Transmitter (NPO) 
Mater ia l s  Data Handbooks on S t a i n l e s s  S t e e l  (MSFC) 

New Microelectronic Pwer Amplifier (LEX) 

Semiconductor AC S t a t i c  Power Switch (MSFC) 

b y  Manual Operation of Overhead Garage Doors: A Concept (KSC) 

Se lec t ive  Costing f o r  Col lec t ing  Solar Energy on Aluminum (MSFC) 

Graphic Visua l iza t ion  of  Program Performance Aids Management 
Review (Nm) 
Charts Designate Robable  Future Ocemographic Research F ie lds  
(MSFC ) 

Training Manuals f o r  Nondestructive Tes t ing  Using Magnetic 
P a r t i c l e s  (MSFC) 

R e l i a b i l i t y  Data f o r  Elec t ronic  and Electromechanical Components: 
A Report ("0) 

Liquid-Cwled Liner f o r  Helmets ( A R C )  

Computerized P a r t s  L i s t  System Coordinates Engineering Releases, 
P a r t s  Control and Manufacturing Planning (SNT'O) 

Subminiature Biotelemetry Unit Permits Remte  Physiological 
Inves t iga t ions  (ARC) 

Miniature Bioelectronic Device Accurately Measures and Telemeters 

A Conceptual Current Surge Pro tec tor  f o r  Incandescent Lamps (MPC) 

D i g i t a l  Computer Processing of X-Ray Photos (JPL) 

Mater ia l s  Data Hrndbook on Inconel Alloy 718 (MSFC) 

Cobalt Tungsten, Ferromagnetic High Temperature Alloy ("0) 

Predic t ing  Service L i f e  Margins (MSFC) 

In t ruder  Detection System (ARC)  

Improved F i r e  Res is tan t  Coatings (ARC) 

Electromotive Series Es tab l i shed  f o r  Metals Used i n  Aerospace 
Technology (MSFC) 

Fire Retardant Foams Developed t o  Suppress Fuel F i r e s  (LERC) 

P r o b a b i l i s t i c  Approach t o  L o w  Range ? l a m i n g  Of Manpower (JSC) 

P la t ing  by Glass-Bead Peening (GSFC) 

Plasma Sprayed Metal-Glass Fluoride Coatings f o r  Lubrication 
t o  117' K (1650" F)  (LERC) 

Metal Detector System ( A R C )  

Col lec tors  (LERC) 

(GSFC) 

Temperature (ARC ) 

High-Strength Tungsten Allay with Improved D u c t i l i t y  (LERC) 

1316 

1164 
1009 

947 

887 
859 

775 
726 

606 

600 

559 

525 

512 

496 
469 

457 
440 

485 
401 

388 
385 

384 
365 

356 

354 

35 3 

349 

335 

333 

331 

318 

308 

299 
295 

289 

288 

287 

280 

276 

272 

270 

269 

264 

263 

259 

e59 
TOTAL 26.908 
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Technical Subrlect Area 

Bot Classif ied 

Computer Programs 

Febrication Technology 

inery , Equipment, Tools 

Wchanics 

mect  roni c / m e  c t  ri c d  Systems 

Physical Sciences 

L i f e  Sciences 

Materials/Chemi stry 

Electronics/Electrical  

Location 

Foreign 

North E a s t  

West 

Midwest 

South 

New Jersey 

Massachusetts 

I l l i n o i s  

Ohio 

Pennsylvania 

k v  York 

California 

b (1,074 

0 F E E  (Percent of Population) 

Figure A-6. Phase I Data Bank Distribution by 
Technical Subject Area and Location of 

Requester Observations. 
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Transportation, Conrm. I L  U t i l .  (40-49) 

Trade, Finance, R e a l  Estate (50-69) 

Mining, Construction (10-19) 

Services (70-89 ) (5,757) 

1 (771) 
] (1,942) 

] (2,057) 

Measuring, Optical Instruments (38) (6,186) 

Transportation EQuipment (37 

Education (82 1 

Public Admin. (90-98) 

Elec t r ica l  (36) 

Manufacturing (30-39) 

unknown 

Machinery (Except Elec t r ica l )  (35) (7,147) 

1 (8,294) 

\ (8 ,457)  

] (9,990) 
r I (15,882) 

1 (16,178 1 

(37,710) 

Size (Employees) 

Over 10,001 I (31,054) 

5,001-10,000 l z i  (6,032) 

(7,191) b 101- 5 00 

11-50 (5 ,093)  

(Percent of Popdat ion)  

Figure A-7. Phase I Data Bank Distribution 
by SIC Code and Size of  Requesting 

Qbservetions . 
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Phase I1 Data Bank 

The Phase I1 Data Bank contains  t h e  responses from a mail 
quest ionnaire  survey sen t  t o  a 40 percent  random sample of  t h e  Phase I 
TSP requests .  
a f t e r  the reques t  d a t e  ( see -Appendix C f o r  quest ionnaire  samples). 
The response rate i s  approximately 60 percent ,  so Phase I1 contains  
quest ionnaire  data f o r  about 24 percent  of t h e  Phase I reques ts .  
While these  da t a  are not  rou t ine ly  coded f o r  computer ana lys i s ,  
random samples of re turned quest ionnaires  have been coded and analyzed. 
Data from t h e  random sample ( n  = 680) f o r  t h e  cur ren t  study are pre- 
sented i n  t h i s  subsection. 

The TSP quest ionnaires  a r e  rou t ine ly  mailed s i x  months 

Questionnaire data include t r a n s f e r  va r i ab le s  such as reques te r  
job func t ion ,  type of organizat ion,  source of TSP awareness, type of 
ob jec t ive  f o r  t h e  TSP app l i ca t ion ,  progress ( a f t e r  s i x  months) of t h e  
t r a n s f e r  a c t i v i t y  through four s tages  from i n i t i a l  awareness t o  rou t ine  
use,  l e v e l  of i n t e r e s t  i n  and importance of t h e  TSP, and t h e  amount and 
type of b e n e f i t s .  
sample used i n  t h i s  study and most of t h e  var iance i n  bene f i t  responses 
w a s  due t o  four  va r i ab le s :  l e v e l  of importance; l e v e l  of i n t e r e s t ;  
progress through t r a n s f e r  s tages ;  and type of ob jec t ive  ( e .g . ,  improved 
process or new product) .  
these  four  va r i ab le s ,  toge ther  with source of awareness and primary use 
of t h e  TSP. Note t h a t  l e s s  than  ha l f  of t h e  TSP reques ts  were generated 
d i r e c t l y  by Tech B r i e f s  and t h e  remainder were generated by a v a r i e t y  of 
r e d i s t r i b u t i o n  mechanisms f o r  t he  Tech Br ie fs .  This i nd ica t e s  t h a t  an 
important func t ion  i s  performed by r e d i s t r i b u t o r s  on t h e  Tech B r i e f  
mailing l i s t .  

A f a c t o r  ana lys i s  w a s  conducted f o r  t h e  quest ionnaire  

Figures A-8 and 9 show t h e  d i s t r i b u t i o n s  for 
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Source for TSP Awareness 

Engineer, Scientist, 
Manager in Own Firm 

Librarian 

Person Outside Own 
Organization 

Trade Public at ion 

Professional Journal 

Tech Brief 

Other 

Missing Data 

Primary Use of TSP 

Keep Abreast 

Solving a Specific Froblem 

Assist Others inR&D 
Activities 

Other 

Missing Data 

Importance 

Did Not Use 

Not Important 

Slightly Important (0-5%) 

1 
(29) 

Moderately Important (6-14%) 1-1 (68) 

Quite Important (15-49%) (42 )  

Crucial (50% +)  p (15) 
Missing Data 1-1 (101) 

L I 1 1 1 1 1 1 1 1 

0 io 20 30 40 so 60 70 80 go loo 
(Percent of Population) 

Figure A-8. Phase I1 Data from Random Sample of 680 
Questionnaires in Survey. 
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Current Interest in Technolorn 

No Interest 

Slight Interest 

Moderate Interest 

Strong Interest 

Missing Data 

Transfer Stage 

Awareness 

Evaluation 

Prototype Testing 

Routine Use 

Missing Data 

-1 (88) 

1 (169) 
I ( 1 9 8 )  

I(91) 

J(27) 

Objectives 

Process 

Product 

Concepts 

None of the Above 

Missing D a t a  

1 I I I I I I 

Figure A-9. Phase I1 Data from Random Sample of 573 
Questionnaires in Survey.' 

*lo7 older questionnaires were excluded since these questions did 
not appear on them. 



Phase I11 Data Bank 

The Phase I11 Data Bank con ta ins  wr i t t en  documentation f o r  
about 1,400 ind iv idua l  t r a n s f e r  cases  involving NASA technology. 
This phase i s  s t o r e d  i n  an automated microfilm system f o r  access  by 
combinations of 11 t r a n s f e r  v a r i a b l e s  such as app l i ca t ion / t echn ica l  
subjec t  area (400 areas and suba reas ) ,  type of app l i ca t ion ,  b e n e f i t s  
and t r a n s f e r  mechanism. The TSP-related cases  i n  Phase I11 are not  
a random sample of TSP reques t s .  They were se l ec t ed  f o r  in te rv iews  
based on ques t ionnai re  responses ,  as w e l l  as d a t a  requirements f o r  
t r a n s f e r  r e sea rch  on s p e c i f i c  technologies  ( e .g . ,  contamination con- 
t r o l )  or app l i ca t ions  ( e .g . ,  p o l l u t i o n  monitoring or e l e c t r i c  power 
indus t ry ) .  Data from these cases  provide a reasonable q u a l i t a t i v e  
cha rac t e r i za t ion  o f  TSP app l i ca t ions  and b e n e f i t s ,  but t hey  cannot 
be used f o r  q u a n t i t a t i v e  estimates such as t h e  proport ion of TSP re- 
ques ts  t h a t  f i t  a given c h a r a c t e r i s t i c  pa t t e rn .  

Interviews have a l s o  been conducted t o  analyze t r a n s f e r  

About 35 percent  of t h e  Phase I11 cases  do not involve t h e  
a c t i v i t y  for seven non-TU0 t r a n s f e r  modes (see Table 1-3 i n  Sect ion 
I ) .  
formal. TU0 Programs. Figure A-10 shows t h e  d i s t r i b u t i o n  of Phase 
111 according to t r a n s f e r  mechanism, inc luding  mul t ip les  when more 
than  one mechanism w a s  involved. Figure A-11 shows t h e  Phase I11 
d i s t r i b u t i o n s  for t r a n s f e r  s t age ,  a p p l i c a t i o n  type  and b e n e f i t s .  
I n  each case ,  only data from t h e  most r ecen t  in te rv iew are used. 



Transfer Mechanism# 

TU0 Programs 

Tech Brief/TSP 

Trade Press or Prof. 

SBA/TSP 

Journals/TSP 

Other NASA Publications 

Field Center or HQ TU0 

UC's or COSMIC 

BAT or TATeams 

NASA Conferences 

Other Pubs. or Prof.  
Papers 

NASA Innovation/ Inirent or 

Former Ehployee 

Contractor 

Other Conferences or 
Prof. Meetings 

Personal Contact 

Customer 

Other 

(472 

( 315 

g :::: 
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Figure A-10. Phase I11 Data Bank Distribution by 
Trans fer Mechanism. 

3 

*Combinations axe counted as multiple entries in the figure. 
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Transfer Stage 

Awareness 
Continuing 

Terminated 

Evaluation 
Continuing 

Terminated 

Prototype Testing 
Continuing 

Terminated 

Routine Use 
Continuing 

Terminated 

Specific Dollars Identified 

Other 

Application Type* 

New or Improved Product 

J (265) 

1 ( 6 6 2 )  
1 I I I 1 1 I I I 

New or Improved Process 

Concepts 

Educational 

Government Services 

Other 

Benefits * 
Sales 

Time/Cost Savings 

I '  

1-1 (549) 

(245) P 
P (53) 

( 200 ) P 



APPENDIX B. STUDY METHODOLOGY AND DATA 

The s tudy methodology w a s  presented i n  Sect ion 11. This 
appendix provides further d e t a i l s  f o r  t h r e e  aspec ts  of t h e  method- 
ology : net  b e n e f i t  discount ing method ; d i s t r i b u t i o n s  f o r  sample 
c e l l s ;  and d i s t r i b u t i o n  tests fo r  ne t  b e n e f i t s  i n  t h e  app l i ca t ion  
modes. 

Discounted Cash Flow 

The discount rate i s  genera l ly  t h e  c r i t i c a l  i s s u e  f o r  de- 
termining the present  value of ne t  bene f i t  streams. The- typ ica l  
app l i ca t ion  f o r  discounted cash flow (DCF) i n  cos t  bene f i t  analyses  
(CBA) i s  t o  compare a l t e r n a t i v e  p lans  w i t h  regard t o  t he i r  imple- 
mentation cos t s  and an t i c ipa t ed  f u t u r e  bene f i t s .  It i s  important 
i n  such comparison t o  ad jus t  f o r  the d i f fe rence  ( i n  present  value)  
between a $1,000 bene f i t  next year and t h e  same magnitude of 
bene f i t  two years  from now (Mishan, 1975).  By applying DCF, t h e  
evaluator  i s  ad jus t ing  f o r  t h i s  d i f fe rence  by ca l cu la t ing  how much 
money t h e  benef ic ia ry  would have t o  avoid spending t h i s  year and 
save at some i n t e r e s t  rate i n  order t o  have $1,000 next year o r  
two years  from now. A t  a 5 percent i n t e r e s t  r a t e ,  t h i s  would 
be $952 f o r  next y e a r ' s  $1,000 and $907 f o r  two years  from now. 
These amounts a r e  t h e  present  values f o r  $1,000 b e n e f i t s  a t  t he  
two d i f f e r e n t  times using a 5 percent discount r a t e .  

There i s ,  however, an i s s u e  i n  cos t  bene f i t  eva lua t ion  
(CBE) which i s  more fundamental than t h e  discount r a t e .  
type of eva lua t ion ,  t he  bene f i t s  under considerat ion include 
both pas t  and f u t u r e  values .  The i s s u e  i s  whether t o  treat  
a c t u a l  b e n e f i t s  i n  the  past as i f  they were d o l l a r s  saved a t  some 
i n t e r e s t  r a t e  o r t o  treat them as s ingulas  b e n e f i c i a l  events i n  
t h e  p a s t ,  s ince  b e n e f i t s  from the  decis ion t o  r e inves t  t h e  savings 
may not be a t t r i b u t a b l e  t o  t h e  dec is ion  t o  use t h e  TSP which 
generated t h e  savings.  
example. Suppose a TSP reques te r  rece ives  a one-time cos t  savings 
bene f i t  ( n e t )  of $1,000 i n  1971 (assume t h e  amount i s  given i n  
1976 d o l l a r s ,  rather than 1971 d o l l a r s ) .  
evaluat ing t h e  program tha t  provided t h a t  b e n e f i t ,  should it be 
counted as a $1,000 o r  a $1,276 ($1,000 saved f o r  f i v e  years  a t  5 
percent  i n t e r e s t )  bene f i t  i n  19767 

I n  t h i s  

The i s s u e  i s  i l l u s t r a t e d  by t h e  following 

For the purpose of 

One might argue by symmetry that  i f  an expected $1,000 
bene f i t  f o r  1977 i s  counted as '$952 i n  1976, then an a c t u a l  $1,000 
bene f i t  f o r  1971 should be counted as $1,276 i n  1976. 
approach t u r n s  out  t o  be c o r r e c t ,  t h e  reason used t o  j u s t i f y  it i s  
i n s u f f i c i e n t .  

While t h i s  

A very good reason i s  the  following fundamental 



c r i t e r i a  f o r  a n a l y t i c  methods i n  program evaluation--analytic 
methods should provide a program evaluat ion result t h a t  does not 
depend on when t h e  evaluat ion i s  performed (Bortz ,  1977). I n  
p a r t i c u l a r ,  t h r e e  evaluat ions of program a c t i v i t y  f o r  the t i m e  
period 1971 t o  mid-1976, f o r  example, should produce the  same 
benefit- to-cost  r a t i o  even i f  one evaluat ion i s  done i n  1965 (as- 
suming a pe r fec t  CBA eva lua t ion ) ,  one i s  done i n  1976, and one 
i s  done i n  1990 (assuming t h e  r e c i p i e n t s  have pe r fec t  memories). 
Any v a r i a t i o n  i n  the a c t u a l  r e s u l t s  should depend only on the  re l i -  
a b i l i t y  of d a t a ,  not on t h e  d a t a  ana lys i s  methods. 

The appropriate  DCF method was der ived by using t h e  stated 
c r i t e r i a  and s e l e c t i n g  a discount ra te  f o r  t h i s  study. 
t i o n  was based on consider ing each year of Tech Brief Program 
operat ions separately and then combining these  results i n  a weighted 
average f o r  t h e  5 1/2-year period. 
decided i n  each year whether o r  not t o  continue the Program, and 
t h e  dec is ion  would have been based on s tandard economic analyses  
used i n  business  planning. I n  1972, f o r  example, TU0 would consider 
t h e  benefit- to-cost  r a t i o  f o r  Program c o s t s  t h a t  y e w ,  together 
w i t h  the  b e n e f i t s  f o r  1972 and an t i c ipa t ed  f o r  subsequent years due 
t o  1972 program operat ions.  
be discounted t o  t h e i r  1972 value a t  some i n t e r e s t  rate ( r ) .  

The deriva- 

Assume t h a t  TU0 would have 

The an t i c ipa t ed  f u t u r e  bene f i t s  would 

The mathematical de r iva t ion  i s  based on the  following 
nota t ion :  

t h  = NASA's cos t  f o r  program operat ions i n  t h e  i year 

= Total  cos t  i n  the j t h  year due t o  a l l  TSP r eques t s  

Di ( i  = 1971, . . ., 1976). 

C 
i n  t h e  ith year ( f o r  these  da ta  C = 0 when i # j ) ;  
( j  = 1971, . . . , 1976, . . . , n ) .  i d  

= Tota l  gross  b e n e f i t s  i n  t h e  jth year a t t r i b u t e d  t o  
all TSP reques ts  i n  t h e  ith year (Note t h a t  B i j  = 
0 when j < i ) ;  ( j  = 1971, . . ., 1976, . . . , n ) .  

t h  

Bij  

The benefit- to-cost  r a t i o  f o r  t h e  i year operat ions only is :  

(Bij  - C . . )  (1 + I-)~- '  
1J 

- - j = 1 9 7 1  
Ri D i  

I n  order t o  evaluate  t h e  Program performance over a t i m e  
There 

and ( b )  weighted by 

period (1971-1976), t hese  annual r a t i o s  must be averaged. 
a r e  two reasonable ways t o  formulate a weighted average of t he  annual 
r a t i o :  ( a )  weighted by t h e  annual Program c o s t s  D i 



t h e  annual Program c o s t s  discounted t o  t h e i r  1976 value 
year t h e  evaluation i s  performed) which i s  D i  (1 + ~ ) l 9 7 ' - ~ .  The 
second method gives more weight t o  e a r l i e r  Program c o s t s  than  t o  
more recent cos t s .  The f i r s t  method y i e lds :  

or whatever 

L 
Ra (1971-1976) - i11971 

1976 - 
7 L Di 

1-1971 

.. 1-1971 1-1971 

Dl 

1-1971 

The second method y ie lds :  

1976 

RiDi (1  + 
L 

%(1971-1976) - 1-1971 

Di (1 + a)1976-1 

1-1971 

f Dl (1 + s)1976-i 

1-1971 

p f (Bl, - clj)  (1  + r)1976-j 

1-1971 j-1971 , l f r - s  

Dl (1 + =)1976-1 

1-1971 

This means t h a t  a l l  net  bene f i t  estimates and NASA cos t s  
could be discounted t o  t h e i r  1976 value and used t o  ca l cu la t e  t h e  
r a t i o  s ince  t h e  r e s u l t  would equal Rb (1971-1976). The time in-  
dependence c r i t e r i a  s t a t e d  e a r l i e r  w a s  applied t o  t h e  r a t i o  from 
each weighted average. 
between 1971 and 1976 were evaluated i n  any year K ,  then t h e  f ac to r  
(1 + s lk-l would be used i n  t h e  formula f o r  Rb (1971-1976). 
y i e l d s  : 

If t h e  Tech B r i e f  Program performance 

This 
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1976-k Multiplying numerator and denominator by (1 + r )  
ShQWS t h a t  t h e  r a t i o  has not  changed from Rb (1971-1976), above. 
The r a t i o  Ra (1971-1976), on t h e  o ther  hand, does change i f  
K(1970 ( i . e . ,  t h i s  would be a CRA study before  t h e  f a c t ) .  To 
see why t h i s  i s  so, l e t  K = 1970. All t h e  values  would then have 
t o  be d i s c o u t e d  t o  t h e i r  1970 value ,  so B i j  i s  r e  laced by B i j  
(1 + r)1970-j ,  C i j  i s  replaced by C (1 + r)197O-!, and D i  i s  
replaced by D i  (1 + s)197o-i. Assuming, as above, t h a t  t h e  two 
discount r a t e s  are the  same (r  = s ) ,  then a program evaluat ion 
r a t i o  would be obtained t h a t  d i f f e r s  from t h e  previous r a t i o  for 

i J  

Ra : 

L 
1-1971 

A simple way t o  i l l u s t r a t e  why t h e  second method of weighted 
averages should be used i n  program evalua t ion  i s  t h e  following 
hypothe t ica l  example: 
t o  operate  and generated n e t  b e n e f i t s  of $1 mi l l ion  per  year  except 
f o r  one year  when t h e  n e t  bene f i t  was $2 mi l l i on .  
t h e  $2 mi l l i on  i n  1976 and Program B generated the  $2 mi l l i on  i n  
1971. 
b e n e f i t s ,  t h e  bet ter .") ,  Program B i s  b e t t e r  than  Program A. 
r a t i o  R b  agrees  with t h i s  eva lua t ion ,  but  t h e  r a t i o  Ra cannot dis-  
t i n g u i s h  between t h e  two programs. Thus, f o r  program evaluat ion 
purposes, a l l  c o s t  and bene f i t  es t imates  should be discounted t o  
t h e i r  value i n  a se l ec t ed  yea r ,  t y p i c a l l y  t h e  year  of t h e  eva lua t ion .  

Two programs each c o s t  $1 mi l l ion  per  year  

Program A generated 

According t o  t h e  usua l  evaluat ion c r i t e r i a  ("The e a r l i e r  t h e  
The 

The next quest ion concerns what discount  rate t o  use.  The 
U.S .  Of f i ce ' o f  Management and Budget has recommended a 1 0  percent 
rate f o r  government c o s t s ,  so  s = .lo. The va lue  f o r  r ,  on t h e  
o ther  hand, should be based on p r i v a t e  sec to r  rates. The cost  of 
p r i v a t e  c a p i t a l  i s  i n  t h e  range 9-15 percent  and opportuni ty  c o s t s  
for t h e  p r i v a t e  sec to r  a r e  i n  t h e  range 15-40 percent .  The bene f i t  
and cos t  es t imates  by TSP reques t e r s  a r e  usua l ly  cos t  savings under 
$50,000, r a t h e r  than l a r g e  c a p i t a l  investments.  I n  t h i s  contex t ,  
t h e  s e l e c t i o n  of a 1 0  percent  discount  r a t e ,  while it may be s l i g h t l y  
conservat ive,  appears t o  be reasonable ,  so r = .lo. 

Dis t r ibu t ions  f o r  Sample Ce l l s  

The es t imate  of c o s t s  and b e n e f i t s  given f o r  t h e  TSP re-  
quest  sample i n  each 'of  t h e  e ight  c e l l s  a r e  presented i n  Tables B-1 
through 10. These values  a r e  shown i n  the year  of occurrence,  a f t e r  
converting t o  1976 d o l l a r s  and discount ing t o  1976 value.  
r a t e s  f o r  dec l in ing  technologica l  u t i l i t y  a r e  ind ica ted  by B(10) and 

The two 
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B(4-9), and the  f i n a l  year of t h e  benef i t  stream i s  marked f o r  each 
rate. No respondent i n  t h e  sample c i t e d  continuing c o s t s .  The t y p i c a l  
estimate included an i n i t i a l ,  one-time cos t  t o  study and apply t h e  
t echn ica l  information, but continuing bene f i t s  were a c t u a l l y  ne t  
b e n e f i t s  s ince  c o s t s  had been subtracted already t o  provide an es t i -  
mate of time savings ( i . e . ,  t o  do something i n  less time or t o  do 
something sooner than expected) .  

Table B-11 shows the  c e l l  and year d i s t r i b u t i o n s  f o r  appl ica-  
t i o n  modes. It i s  probably too  ea r ly  f o r  Mode 3 app l i ca t ions  from 
requests  made i n  1976 but t h e  low incidence of Mode 2 and 3 applica- 
t i o n s  f o r  1972 reques ts  may be due t o  t h e  types of technology i n  
TSP's f o r  t h a t  year ;  very few TSP's i n  1972 had more than  100 reques ts .  
On the other  hand, almost 1 0  percent of t h e  TSP's i n  1971 had over 
100 reques ts  and t h e  technology d i s t r i b u t e d  t h a t  year appears t o  have 
generated more than t h e  normal bene f i t s .  
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T A B m  B-11. INTERVIEW SAMPLE DISTRIBUTION 
I N  APPLICATION MODES 

SIZE MODE 
CELL n 0 1 2 3 

1976 BQ 9 .333 * 333 .333 .ooo 
1974 BQ 9 .222 .444 .222 .111 
1972 BQ 9 .111 .667 .222 .ooo 
1971 BQ 18 .167 .667 .056 . .111 

BQ Cel l s  45 .200 .556 .178 .067 

1976 NBQ 9 .222 .667 .111 . 000 
1974 NBQ 18 .444 .444 .111 .ooo 
1972 NBQ 9 .222 -778 .ooo ,000 
1971 NBQ 9 .556 .333 .111 .ooo 

NBQ Cells 45 .37s .533 .089 .ooo 

Weight e d 
Aver age* 90 .342 .538 .lo7 .013 

1976** 18 .233 .634 .133 .ooo 
1974 27 .413 .444 .127 .016 
1972 18 .213 .769 .01g .ooo 
1971 27 .bo0 .467 .089 .044 

"Weighted by aggregate proport ions f o r  BQ (20%) and NBQ (80%) stratum. 
**Weighted by proport ions f o r  BQ and NBQ stratum i n  t h e  p a r t i c u l a r  yea r .  

Note: A l l  e n t r i e s  are i n  t h e  form of  p r o b a b i l i t i e s  ca l cu la t ed  by 
d iv id ing  t h e  number i n  t h e  mode by t h e  s i z e  ( n ) .  
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Dis t r ibu t ion  Tests 

The L i l l i e f o r s  and co r re l a t ion  t e s t s  f o r  t he  d i s t r i b u t i o n s  

Further  ana lys i s  of Mode 2 ind ica ted  t h e  presence of 
of net  b e n e f i t  va lues  i n  each mode a r e  shown i n  t h e  following t a b l e s  
and figures. 
two submodes, which may be seen i n  t h e  c o r r e l a t i o n  t e s t  graphs.  
submodes a r e  charac te r ized  by whether t h e  technology app l i ca t ion  
a f f ec t ed  only one ind iv idua l  (probably a normal d i s t r i b u t i o n )  or it 
w a s  i n s t i t u t i o n a l i z e d  i n  t h e  r e c i p i e n t  organizat ion and a f f e c t e d  seve ra l  
production f a c t o r s  through more than one ind iv idua l  (probably a log- 
normal d i s t r i b u t i o n ) .  The f a s t e r  r a t e  (10 percent )  of dec l in ing  
technologica l  u t i l i t y  appears t o  be more appropriate  when only one 
person i s  a f f e c t e d  and t h e  v a r i a b l e ,  industry-derived r a t e s  ( 4  t o  9 
percent )  appear t o  be more appropr ia te  f o r  i n s t i t u t i o n a l i z e d  appl ica-  
t i o n s .  These observat ions and r e l a t e d  hypotheses a r e  discussed i n  
Sect ion I V .  

These 
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TABLE B-12. DISTRIBUTION AND LILLIEFORS 
"EST FOR SAMPLE VALUES IN MODE 1 

NET 
BENEFITS 
-1016 
-547 
-443 
-351 
-351 
-322 
-274 
-184 
-121 
-70 
-66 
-53 
-13 
0 
16 
60 
126 
152 
209 
257 
271 
292 
307 
328 
560 
678 
712 
876 
1395 
1460 

8 = 130 
S = 521 

STJWDARD 
VARIABLE 
-2.16 
-1.28 
-1.08 

-.g1 
-.85 
-.76 
-.59 
-.47 
-.38 
-.37 
-.35 
-.27 
-.25 
-.22 
-.13 
-.01 
.04 
* 15 
.24 
* 27 
* 31 
.33 
.37 
.81 

1.03 
1.10 
1.41 
2.39 
2.51 

CUMULATIVE 
NUMBER 

1 
2 
3 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

SAMPLE 
CUMULATIVE 

PROBABILITY (A ) 

.067 
* 033 

.167 

.2 
* 233 
.267 
. 3  
.333 
.367 
- 4  
.433 
.467 
.5 
.533 - 567 
.6 
.633 
.667 
.7 
.733 
-767 
.8 
.833 
.867 
.9 
.933 
* 967 

NORMAL 
CUMULATIVE 

PROBABILITY (B) 
.015 
.loo 
.ll9 

.181 

.198 

.224 

.278 - 319 
352 
.356 
-363 
.394 
.bo1 
.413 
.448 
.496 
.516 
.560 
- 595 
. .606 
.622 
.629 
.644 

.848 

.864 

.921 - 992 

.994 

- 791 

A-B 
.018 

-5033 - .Ol9 
- -014 
.002 
. 009 - . 011 - .Ol9 - .Ol9 
.011 
.037 
039 
-066 
.087 
.085 
.071 
.084 

.072 

.094 . 111 

.138 

.156* 

.0h2 

.01g 

.036 

.012 
-.025 

.006 

* 073 

Lilliefors test result: 
normal population samples would have dif- 
ferences greater than those observed. 

more than 5% of 

Maximum likelihood estimators for paremeters p and 6 for normal population are: 
= 2 = 130; 6 =: S = 521 

* Largest difference in column. 
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TABLE B-13. DISTRIBUTION AND LILLIEFORS TEST 
FOR SAMPLE VALUES IN MODE 2: NORMAL 

B(10) SAMPLE NORMAL 
NET STANDARD CUMULATIVE CUMULATIVE CUMULATIVE 

BENEFITS VARIABLE NUMBER PROBABILITY (A) PROBABILITY (B) A-B 

712 
1,160 
1,562 
1,992 
2,175 
5 300 
5,475 
6,292 
6,496 
7,220 
8,320 
9,500 

-1 * 37 
-1.21 
-1.08 
-.93 
-.86 
.21 
27 
.55 
.62 
.87 

1.66 
1.25 

1 
2 
3 
4 
'5 
6 
7 
8 
9 
10 
11 
12 

.083 

.167 

.250 

.333 

.417 

.500 
-583 
.667 

-833 
* 750 

- 917 
1.0 

-085 
.113 
.140 

.194 

.583 

.TO8 

.176 

.606 

.807 
- 732 
.894 
* 951 

- .002 
.054 
.110 
* 157 
.22? 

-.083 -. 023 - .Oh1 
.018 

.023 

.0h9 

.026 

H = 4,684 
S = 2,904 

L i l l i e f o r s  t e s t  r e s u l t :  more than 20% of  normal populat ion 
samples would have d i f f e rences  g r e a t e r  t han  t h o s e  observed. 

Maximum l i ke l ihood  estimators f o r  F a r a m e t e r s p  and @ f o r  normal popula t ion  a r e :  
p= 32 = 4,684; U = S = 2,904 

B(4-9) 
NET 

BENEFITS 

1,134 
1,420 
1,562 
1,992 
3,064 
5,300 
5,475 
6,292 
7,771 
8,320 
9,500 
10,146 

-1.28 
-1.19 
-1.14 
-1.01 
-.67 
.04 
.10 
.36 
.83 

1.0 
1.37 
1.58 

1 
2 
3 
4 
5 
6 
7 
8 .  
9 
10 
11 
12 

.083 

.167 

.250 

.333 
,417 
.500 
.583 
.667 
.75 
.833 - 917 

1.0 

.loo 

.117 

.127 

.335 
-251 
* 515 
.539 
.640 
.796 
.841 
.914 
.942 

-. 017 
.050 
.123 

- .002 
-. 015 .166* 

.044 

.027 -. 046 - .008 

.003 

.058 

L i l l i e f o r s  t es t  r e s u l t :  more than 20% of  normal populat ion 
samples would have d i f f e r e n c e s  g r e a t e r  t han  those  observed. 

Maximum l ike l ihood  es t imators  f o r  parameters p and d f o r  normal popula t ion  a r e :  
6 =  S = 3,155 

Largest  d i f f e rence  i n  column. 

p -  P = 5,165; 
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TABLE B-14. DISTRIBUTION AND LILLIEFORS TEST 
FOR SAMPLE VALUES IN MODE 2: LOGNORMAL 

; SAMPLE 
B(10 U= STANDARD ULATIVE CUMULATIVE CUMULATIVE 

NET BENEFITS h(x-200) VARIABLE NUMBER PROBABILITY (A) PROBABILITY (B) A-B 

712 
1,160 
1,562 
1,992 
2,175 
5 300 
5,475 
6,292 
6,496 

8,320 
7,220 

9,500 

6.24 
6.87 
7.22 
7.49 
7.59 
8.54 
8.57 
8.71 
8.75 
8.86 
9.00 
9.14 

-2.0 1 
-1.32 2 - .93 3 - -64 4 - .53 5 

.5 * 6 - 53 7 

.68 8 

.73 9 

.85 10 
1.0 ll 
1.15 12 

.083 

.167 
25 
.333 
.417 
50 
.583 
.667 
.75 
.833 - 917 

1.0 

.023 - 093 

.176 

.261 

.298 

.691 

.TO2 
752 
767 
.802 
.841 
-875 

.06 

.074 

.074 

.072 

.119 -. 191. - .ll9 - .085 - .017 

.031 

.125 

.076 

:=4,684 r=8.08 Lilliefors test result: more than 20% of lognormal popu- 
S=2904 S=. 92 lation samples would have differences greater than those 

observed. 

Maximum likelihood estimators for parameters 1 and d for lognormal population are: 1 -'ii=a.i; a =s=.g 

B( 4-91 
NET BENEFITS 

1,134 6.84 -1.70 1 .083 .Ob5 ,038 
1,420 7.11 -1.37 2 .167 ,085 .082 
1,562 7.22 -1.23 3 * 25 .lo9 .141 
1, 992 7.49 - .go 4 .333 .184 .149* 
3 064 7.96 - .33 5 .417 .371 ,046 
5,300 8.54 .38 6 - 50 ,648 -.148 
5,475 8.57 .41 7 .583 .659 - .O76 
6,292 8.71 59 8 ,667 .722 -. 055 
7,771 8.93 85 9 .75 .802 -. 052 
8,320 9.00 .94 10 .833 ,826 .007 
9,500 9.14 1.11 11 * 917 .866 .051 
10,146 9.20 1.18 12 1.0 .881 .119 

%5,165 c=8.23 Lilliefors test result: more than 20% of lognormal popu- 
S-39155 s=. 82 lation samples would have differences greater than those 

observed. 

M imum likelihood estimators for parameters# and d for lognormal population are: 
r=68.2; d =S=.8 

* Largest difference in C O h m .  



TABLE B-15. DISTRIBUTION AND LILLIEFORS TEST 
FOR SAMPLE VALUES IN MODE 3: LOGNORMAL 

CUM- SAMPLE NORMAL 
B(10) U= STANDARD ULATIVE CUMULATIVE CUMUIATIVE 

NET BENEFITS Ln(x-1,000) VARIABLE NUMBER PROBABILITY ( A )  PROBABILITY (B) A-B 

10,850 9.20 -1 - 39 1 .333 
27,414 10.18 53 2 .667 
32,592 10.36 .88 3 1.0 

.082 .. 251* 

.811 .189 

.702 -. 035 

- 
X=23,619 t=9.91 
S*9,273 S=. 51 

Lilliefors test result: 
population samples would have differences greater 
than those observed. 

more than 20% of lognormal 

Ma+m likelihood estimators for parameters f and 

B(4-9) 

u for lognormal population are: 
f=U=9.9; 6 =S=.5 

22,700 9.99 -1.0 1 .333 
27,414 io .18 - .41 2 ,667 
47,760 10.75 1.38 3 1.0 

-159 .174 

.916 .084 

.341 .326* 

- 
X=32,625 U=10.31 
S=10,874 S=. 32 

Lilliefors test result: 
population samples would have differences greater 
than those observed. 

more than 20% of lognormal 

Max+um likelihood estimators for parameters c and d for lognormal population are: 
$ =U=10.3; d s S Z . 3  

* Largest difference in column. 
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Figure B-1. Correlation Test f o r  Mode 1 Values 
Compared to Normal Distribution. 
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university of Denver 
COLORADO SEMINARY 

DENVER RESEARCH INSTITUTE UNIVERSITY PARK, DENVER, COLORADO e0210 

QUESTIONS CONCERNDIG THE NASA TECHNICAL SUPPORT PACKAGE 

We would greatly appreciate your help in providing the infor- 
mation requested in this questionnaire. It will be. of value to 
NASA personnel responsible for the Technology Utilization 
Program. Please answer by checking appropriate boxes. ' 

1.  How did you first learn about the availability of-the 
NASA Technical Support Package (TSP) referred to  in the 
cover letter? 

0 From an engineer, scientist, or manager in my own 
organization 

0 From a librarian in my organization 
0 From a person outside of my organization 
0 Read about this TSP in a trade publication 
0 Read about it in a professional journal 
0 Read a NASA Tech Brief announcing this TSP 
0 Other (specify): 

2. If you first learned about the TSP in a NASA Tech Brief, 
how did you acquire the Tech Brief? 

0 Did not learn about TSP in a Tech Brief 
0 Received the Tech Brief directly from NASA 
0 Received the Tech Brief as part of internal distribu- 

tion within my organization 
0 Received it from someone outside of my organization 
0 Other (specify): 

3. What was your most important reason for ordering this 
particular TSP? 

0 To keep abreast of developments in my field(s) of 
interest 

0 To assist in solving a specific problem or in getting the 
most up-todate answer to a particular question 

0 To assist others in my organization in their research 
and development activities 

0 Other (specify): 

4. What is your estimate of the number of hours you and 
other members of your organization spent in reviewing, 
studying or applying information contained in the TSP 
you ordered? 

Hours 

5. At which of these levels of scientific or technical develop- 
ment were you working when you requested the TSP? 

0 Acquiring a scientific understanding of nature (basic 
research) 

0 Demonstrating a new technical capability on a labo- 
ratory basis 

0 Applying new technical capability to a full-scale 
prototype (field trial) 

0 Putting new technology to  its first operational use 
0 Other (specify): 

6. What was your primary use of the information in the TSP? 

0 To help solve a specific technical problem 
0 Passed it along to someone else for possible use 
0 Reviewed and filed it for future reference 
0 Discarded it 
0 Other (specify): 

7. If you used the TSP for problem solving, how important 
was it in the solution of that problem? 

0 Did not use it for solving a technical problem 
0 Not important at all (irrelevant, not applicable) 
0 Slightly important (less than 5% input to problem 

solution) 
0 Moderately important (about 5% to 14% input to 

solution) 
0 Quite important (1 5% tb 49% input to solution) 
0 Crucial (50% or greater input to solution) 

8. If any beneficial result(s) followed from your use of the 
TSP, please indicate which one(s): 

0 No beneficial results 1 can think of 
0 Kept me abreast of developments in my field(s) of 

interest 
0 Stimulated basic and applied research 
0 Developed new process(es) or technique(s) 
0 Improved existing process(es) or technique(s) 
0 Developed new product(s) 
0 Improved existing product(s) 
0 Reduced operating costs 
0 Saved time, manhours 
0 Increased sales 
0 Other (specify): 

' 

(Continued on Reverse Side) 
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9. If you experienced any problem(s) in trying to use infor- 
mation in the TSP, please indicate which one($): 

0 No difficulties I can think of 
0 Patent clearance too complicated 
0 Technology in TSP was not well enough develope? for 

0 Insufficient information in TSP 
0 Incorrect information in TSP 
0 Unusually long delay in obtaining the TSP 
0 Excessive adaptation costs 
0 Other (specify): 

my purposes 

10. Please rate the information contained in the particular 
TSP you ordered in terms of each of the sets of words 
below. Make a check mark (t’) in the appropriate space 
for each pair of words. [Do not omit any of the items and 
place only one check mark on any one set of words.] 

TSP RATING 

important -:-:-:-:-unimportant 
old-:,:-:-:-new 

complete - : -: -: -:-incomplete 
unclear - : : : -: -clear 
unusual - : - : - : -: -usual 
relevant - : - : - : - : -irrelevant 
helpful - : : : -: -unhelpful 

superior - : - : -: - : -inferior 
useless - : - : - : - : -useful 

poor reproduction - : -: -: -:-good reproduction 

1 1. What type of an organization do you work for (check only 

l 
one)? 

I 
0 A manufacturing organization (e.g., electrical mach- 

inery, testing instruments, transportation equipment) 
0 A service organization (e+, education, retail sales, 

business consulting, medical services, research) 
D A government agency (e.&, Federal, state, local) 
0 Self-employed 

12. How luge is the organization for which you work? 

0 Selfcmployed 
0 1 to 5 employees 
0 6 to 49 employees 
0 50 to 499 employees 
0 500 to 999 employees 
0 1 .OOo to 4,999 employees 
0 5,OOO to 9,999 employees 
0 l0,OOO employees or more 

13. Please check the appropriate category for your annual 
income level. 

0 Less than $12,500 
0 $12,500 to $19,999 
0 $20,000 or more 

14. What is your primmy job (check only one)? 

0 Engineer 
0 Scientist 
0 Manager, Supervisor 
0 Technician 
0 Librarian 
0 Other (please specify): 

15. What is the highest completed level of your formal 
schooling? 

0 Less than a bachelor’s degree 
0 B.A., B.S., or equivalent 
0 M.A., M.S., or equivalent 
0 PhD. or equivalent 
0 Other (please specify): 

16. Do some of your responses contain proprietary informa- 
tion? If yes, please indicate which ones. No information 
which you identify as proprietary will be associated with 
you or your organization. 

D Yes (specify): 

0 No I 0 Other (please specify): 

Please return completed questionnaire to: 

Industrid Economics Division, TSPQ 
Denver Research institute 

Univenity of Denver 
Denver, Colondo 80210 

100 



OMB Approval No. 1WR0043 

COLORADO SEMINARY 

UNIVERSITY OF DENVER 
DENVEK, RESEARCH INSTITUTE 

Industrial Economics Division 

QUESTIONS CONCERNING THE NASA TECHNICAL SUPPORT PACKAGE 

We would greatly appreciate your help in providing the infor- 
mation requested in this questionnaire. It will be of value to  
N A S A  personnel responsible for the Technology Utilization 
Program. Please answer by checking appropriate boxes. 

1 .  What type of an organization do you work for (check only 
one)? 

0 

0 

0 
0 Selfemployed 
0 Other (please specify): 

A manufacturing organization (e.g., electrical machinery, 
testing instruments. transportation equipment) 
A service organization (e&. education, retail sales, busi- 
n e s  consulting, medical services. research) 
A government agency (e&. 1:ederal. state. local) 

2. What is your prir~ur.11 job (check only one)? 

0 Engjneer 
0 Scientist 
0 Manager, Supervkor 
0 Technician 
0 Librarian 
0 Other (please specify): 

, - 

3 ,  What is your prirnurj, area of organizational operations (check 
only one)'! 

Research 
0 Design and Development 
0 Production 
0 Marketing 
0 Other (specify): 

4.  How did y o u  first learn about the availability of the N A S A  
Technical Support Package (TSP) referred to in the cover 
letter? 

0 From an engineer, scientist. or manager in my own 

0 
0 
0 
0 
0 
0 Other (specify): 

organization 
From a librarian in my organization 
From a person outside of my organization 
Read about this TSP in a trade publication 
Read about it in a professional journal 
Read a N A S A  Tech Brief announcing this TSP 

5. What was your primary use of the information in the TSPl 

0 
0 

0 

0 Other (specify): 

To keep abreast of developments in my field(s) of interest 
To assist in solving a specific problem or in getting the 
most up-to-date answer te a particular question 
To assist others in my organization in their research and 
development activities 

6. Please indicate your management's degree of current interest in 
the technology described in the TSP. Place a check (4) mark 
above only one of the four alternatives 

I ' No ' Slight ' Moderate ' Strong 
Interest Interest Interest Interest 

7 .  Please assume that your acquisition. adaptation, and use of this 
technology could pass through four different stages: ( I )  initial 
awareness and review; (2)  engineering evaluation; (3)  in-house 
use or prototype testing; and (4) diffusion of the technology 
through marketing activities. Place a check ( J )  mark above 
only one of the four alternatives to  indicate your progression 
through these stages. (If your organization is no longer 
interested in the technology, please indicate how far you had 
progressed through these stages before terminating.) 

c I I I 
Preliminary ' Engineering In-House Use ' Full-scale ' 

Understanding Evaluation or Prototype Marketing 
Testing 

8. To which of the following objectives, if any, did the informa- 
tion in the TSP contribute? 

0 Developing a new product 
0 Developing an improved product 
0 Developing a new process 
0 Developing an improved process 
0 
0 None of the above 

Improving, testing, or validating new concepts 

(Continued on Reverse Side) 
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9. If you used the TSP for solving a particular technical problem, 
how important was it in the solution of that problem? 

0 
0 
0 Slightly important (less than 5% input to problem 

D Moderately important (about 5% to 14% input to 

0 
0 

Did not use it for solving a technical problem 
Not important at all (irrelevant, not applicable) 

solution) 

solution) 
Quite important (15% to 49% input to solution) 
Crucial (50% or greater input to solution) 

10. If any economic benefits have followed from your use of the 
technology described in this TSP, place a check (4) mark by 
the type(s) of benefit(s) and esrirnafe the total dollar amounts 
involved. Please indicate whether the benefits are one-time only 
or recurring. 

One- Recur- 
time ring 

0 No economic benefits I can think of 
0 Reduced operating costs-including 

manhours saved $ 0 0  

$ o n  

(estimate) 
0 Roduced or increased sales totaling 

(estimate) 
0 OthBr (specify): 

0 0  

11. If you experienced any problem(s) in trying to use information 
in the TSP, please indicate which one($: 

0 No difficulties I can think of 
0 Patent clearance too complicated 
0 Technology in TSP was not well enough developed for my 

purposes 
0 Insufficient information in TSP 
0 Incorrect information in TSP 
0 
0 Excessive adaptation costs 
0 Other (specify): 

Unusually long delay in obtaining the TSP 

12. Should additional information concerning your use of this 
technolo’gy be needed, we would appreciate having your 
telephone number: 

13. Today’s date: 

14. Do some of your responses contain proprietary information? If 
yes, please indicate which ones. No information which you 
identify as proprietary will be associated with you or your 
organization. 

0 Yes (specify): 
0 No 

Zomments (identify relevant questions if applicable): 

Your Name: Your Title: 

Please return completed questionnaire to :  

Industrial Economics Division, TSPQ 
Denver Research Institute 

University of Denver 
Denver, Colorado 80210 
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Completed Interview y e s  - no 
Cell -(year) - Benefits - No Benefits 

TSP COST BENEFIT STUDY - 1976 

Name Case No. 

Address 

Position Telephone 

General Area of Application 
(e.g., R&D for electronics manufacturer, programming for a commercial computer 
service, university engineering ' faculty) 

Interview Date Request Date Questionnaire Date 

Tech Brief No. and Title 

(attach copy) 

1. Recalls TSP and use: y e s  - vaguely - no (if no, ask general question 
7 and terminate interview) 

2. TVpe of Application/Benefit (if more than one, explain relationship) 

- new product development 
product improvement 

- general information only (if 
used, check appropriate item) 

- solving a specific problem - product marketing (describe 

- operating cost reduction/saving - making engineering decisions 
(explain 

- R&D cost reduction/saving 1 

management - cost avoidance - 
-new service 

- improved service 
-other (explain 

- education or personnel training 

I 

3. Estimated level of importance for the TSP in the application: 

- insignificant, - moderately important (5-141 ) , - significant (15-49%), 
- critical (50% or more) 

4. Progress to date in applying the technology (indicate C continuing or T terminated): 

awareness engineering evaluation prototype testing routine use - 

(Proprietary information y e s  - no 1 
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Gross Benefit 

User Cost 

2. 

+ b 

TSP COST BENEFIT STUDY - 1976 (Continued) 

5 .  Benefits were realized: - one time - several times (number) - regularly 
- benefits are expected in the future. Estimated dates or period of 

6. We would like your estimate of the dollar value (please convert other quantities) 
for your organizations gross benefits and costs (to achieve those benefits) that 
you attribute to this TSP. For example, some proportion of new product sales, and 
production equipment expenses might be allocated to the use of this technology - or some proportion of operating cost reduction and personnel training expenses. 
Savings in time by the recipient to acquire technical information can also be 
included (convert to dollars) together with how much time it took to read the 
TSP and acquire the information. Indicate these data in the following table, be 
sure to: (a) answer number 5; (b) indicate whether the dol lars  are in 1976, 1975 
or whatever figures (we will convert to present value); and (c) use gross rather 
than net amounts. 

For some types of benefit (e.g., improved services), the quantified benefits may 
be achieved wholly, o r  in part, by the recipient organization's clients or 
customers. Indicate in parenthesis in the same table the =benefit to these 
secondary users. 

Alternatively, the interviewee might estimate the total net value (in 1976 dollars) 
from using the TSP (we prefer the data above but may have to settle for less 
detail) (estimate ) . 

7. Qualitative information about the Tech Brief Program: 

a) How many TSP requests over the years? - 1 only, -2-4, 3 - 1 0 ,  

more than 10 - 

b) General assessment of the Program as a source of information: 

minor, - sometimes useful, - often helpful, - regularly used as an 
information source for  new approaches or data for technological development. 

- 

c )  General assessment of information in TSP's: general interest only, 
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3. 

TSP COST BENEFIT STUDY - 1976 (Continued) 

(7) c) (continued) 

current awareness for aerospace technology, - useful data and techniques 
not readily accessible elsewhere, - helpful for eliminating uncertainties 
or resolving problems in making decisions. 

d )  List, in rank order, the four major sources of technical information they 
obtain from outside their organization (e.g., trade press, salesmen, 
professional societies, etc.): 

i) 

iii) 

Estimate the percentage of new technical information obtained from TSP's 
as compared to all other' external sources of information. % 

e) Estimate the time spent per month in acquiring technical information from 
outside the organization. hours per month. 
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